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1.0 INTRODUCTION

Three computer programs were developed under the present work

(see [l]). Two of these programs, PCASE and PCASLE, used the

open wake models, whereas the third one, PCASLDW, used the

double wake model of the partially cavitating cascade flow.
PCASE requires the cavitation number, and PCASLE and PCASLDW

require the cavity length as input data. The detailed explana-

tions in regard to the type of model used for these programs

are given in [l]. The general rule of thumb is that if the

cavity length is short and/or the negative camber on the suc-

tion side of the cascade is small, PCASE converges rapidly,

whereas if the cavity length becomes long and/or the negative

camber on the suction side of the cascade is large, PCASLE

provides a better convergence. PCASLDW may be used when the

pressure-side camber is large so that the calculated cavity

boundary tends to intersect the upper surface of the blade in

the supercavitating cascade flow configuration.

Six solution parameters are to be determined for PCASE: these
include three transform coordinates, scaling factor for mapping,

deflected flow angle at downstream infinity, and ratio of flow

passage width at downstream infinity to that at upstream infinity.

For PCASLE, one extra solution parameter, i.e., cavitation num-

ber is added, making the total number of solution parameters

seven. For PCASLDW, one of the solution parameters, i.e.,

ratio of flow passage at downstream infinity to upstream infin-

ity, was deleted, but two new solution parameters, i.e., two

transform coordinates, were introduced, making the total number
of solution parameters eight. PCASLDW requires the most com-

puter time of the three to carry out one iteration due to the

increased total number of solutioii parameters.

In the following, the structure of the program including vari-

ous subroutines, input data set-up, typical output data and
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listings of these three programs is described. Due to the

similarity in the input data set-up of the programs, only

that of PCASE is given completely. It is believed that there

will be no difficulty in running PCASLE and PCASLDW once one

becomes familiar with PCASE.
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2.0 STRUCTURE OF PCASE

PCASE consists of a main program and several subroutines, brief

descriptions of which will be given as follows:

1) MAIN PROGRAM PCASE

o Specify the dimensions for data.
o Read input data.
o Exercise Newton's iterative procedure.
o Calculate lift and drag coefficients at the end of

each iteration.
o Calculate the cavity profile.

2) SUBROUTINE OXFNEW(X,STOL,M,I,DG,DF,FFF4)

o Exercise Newton's iterative procedure in calculations
for the six integral equations to find the six
unknown solution parameters.

x: Input and output data in array SXSI(I)
SXSI(l): - coordinate for the point B of the foil.
SXSI(2): - coordinate for the point C.
SXSI(3): & - coordinate for the point F.
SXSI(4): A, coefficient of the mapping function.
SXSI(5): a2' downstream flow angle.
SXSI(6): £ - ratio of d 2 to d1

STOL: Control variables for the accuracy of Newton's iter-
ations.

M: Number of desired iterations for Newton's procedure.

I: Counts the number of iterations of Newton's procedure.

This is defined within OXFNEW.

DG: This is one of the assigned finite differences for

the numerical derivations of -f. However, it is

no longer used in the calculations themselves as
it has been replaced by the array DELI(I,J) which
is read in at the beginning of the program.

DF: Same as DG.

FFF4: The residue of equation F(4); if FFF4 becomes larger
than S4 of input data, the program is stopped.

3) SUBROUTINE OFSIMI (ANS,NOF,XCA)

o Calculates integral I(1) of integral equation F(l)
for special ease of foil shape with rounded left
end. Called from subroutines: FlINTL, RMINT, CAVITY
(see Reference [l] for F(l)).

ANS: Final answer for the integral I(1) of equation F(l).

3



NOF: This is a controlling variable passed on from the
calling subroutines:

NOF = 0 - OFSIMl called from FIINTL
NOF = 1 - OFSIMl called from RMINT for real part
NOF = 2 - OFSIMl called from RMINT for imaginary

part
NOF = 3 - OFSIMl called from CAVITY OXFNEW at

F(5)

XCA: Integration variable passed on to OFSIMI only if

NOF = 3.

4) SUBROUTINE OFSIM2 (ANS2)

o Controls iterative procedure for calculating integral
equation F(4). Called from OXFNEW (see Reference
[1] for F(4)).

ANS2: Final answer of OFSIM2

5) SUBROUTINE OFSIM3 (Y,XXII,IP,I)

o Calculates g (r) in integral equation F(4). Called
from OFSIM2. (see [1] for gl( )).

Y: Integration variable passed from OFSIM2, correspond-
ing to C.

XXII: Returns value of g (C) to OFSIM2. The parameter
is passed from DFSIM2 to OFSIM3 in the form of
one element of an array (XITC(I)) inside an
iterative loop.

IP: Number referring to the control point; IP = 1 to LPM.

I: I = 2 for the subdivided middle point between the
regular control points specified by IP; I = 3 for
the control points.

6) SUBROUTINE OFSIM5(ANS5)

o Calculates values of F(5) using Simpson's rule and
Chebyshev-Gauss polynomials.

ANS5: Value returned to loop in OXFNEW for equation F(S).

7) SUBROUTINE FIINTL (YINT, KCTRL)

o Calculates integrals in integral equation F(l).
Called from OXFNEW.

YINT: Value returned for integral each time FIINTL is
called.

KCTRL: Control variable passed from OXFNEW directing which
of the four integrals in F(M) is to be calculated.
(see [1]).



8) SUBROUTINE G2(XS2,AG2,IS2)

o Calculates q() in F(5) given integral variable

F, i.e., XS2. Called from iterative loop in OFSIM5.

XS2: Abscissa subdivision points from which g2 ( ) are
calculated, i.e., .

AG2: Value for g2 (Z) returned to OFSIM5 after each

time it is called.

IS2: Number of control points on the second arc S2.

9) SUBROUTINE RMINT(SR,SM,MIQ)
o Calculates rI , r2 r3 r; mi m m m of equa-

tions F(2) and F(3) respectively. These values are
used to calculate F(2) and F(3) in OXFNEW (see [1]).

SR: Value for r returned to OXFNEW

SM: Value for m returned to OXFNEW

MIQ: Control variable passed from OXFNEW dictating which
value (1, 2, 3 or 4) of r or m is to be calculated.

10) SUBROUTINE CAVITY (XCC, YCC)

o Calculates coordinates of points along cavity cross-
section to give cavity shape. Passes cavity end-
point coordinates back to OXFNEW.

XCC: Value returned to OXFNEW for x coordinate of cavity
endpoint.

YCC: Value returned to OXFNEW for y coordinate of cavity
endpoint.

11) SUBROUTINE IC2(SR,SM,XCA, ISIC)

o When ISIC = 0 used to calculate r4 and m4 of eaua-

tions F(2) and F(3) respectively. It is then
called from OXFNEW. When ISIC = 1 it is used to
calculate.

SR,SM: When called from MINT this is the returned value
for r4 and m4. When called from CAVITY, only SR

is used and SM becomes dummy (see Reference [1]).

XCA: Only used for ISIC = 1, integration variable.

ISIC: This is a control variable which tells IC2 whether
to do calculation for OXFNEW or for OFSIM5 or
CAVITY.

= 0 called from RMINT.

= 1 called from CAVITY IN OFSIM5 for F(5).
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12) SUBROUTINE MOSEC (A,B,ERl,X,J,XLPA,ISlI2)

o Finds a root of f(x) = 0 where x must lie between
A and B and f(A)>0, f(B)<0.

AB: A root of f(x) = 0 exists between A and B.

ERl,ER2: Accuracy controlling variables where
[xreal - x I <ERl and If(xreal) - f(x) I<ER2.

x: A root of f(x) = 0, found in this subroutine and
returned to the calling program.

J: Number of iterations done in MOSEC.

13) FUNCTION AITKEN(XX,YY,X,N)

o Interpolate the value corresponding to X with the
data of XX(N), YY(N) specified by Aitken method.

14) SUBROUTINE DETERM (A,N,D)

o Calculates determinant of a matrix A of rank N

A: Matrix input, requiring dimension.

N: Rank of the matrix.

D: Calculated determinant of A.

15) SUBROUTINE ARCS2 (S2,XC,YC)

o Calculates the arc length of the upper wetted
portions S2. Called from OXFNEW in calculations
for F(5) after the CAVITY subroutine.

S2: returned arc length of arc S2.

XC: X-coordinate of cavity endpoint.

YC: y-coordinate of cavity endpoint.

16) SUBROUTINE ARCLEN (XSS,XL,XH,IS1I2)

o Calculates arc length of small intervals between
XL and XH along foil profile.

XSS: Returned arc segment length.

XL: Lower x coordinate of segment endpoint.

XH: Upper x coordinate of segment endpoint.

ISlI2: Control variable telling the routine whether the
upper or lower edge of the foil is to be looked
at; ISII2 = 0 for the lower edge, ISII2 = 1 for
the upper edge.

17) SUBROUTINE XCYC (XCB,YCB,CX,CY)

o Calculates the point on the upper face of the foil
corresponding to the endpoint of the cavity.

6



XCB: X-coordinate of returned point on foil.

YCB: Y-coordinate of returned point on foil.

CX: X-coordinate of cavity endpoint.

CY: Y-coordinate of cavity endpoint.

18) SUBROUTINE BBBETA (XX,RBETA, IS1I2)

o Calculates BETA(X(XSI))

XX: X-coordinate of the body for which the local body
slope RBETA to be calculated.

RBETA: Local body slope in radians calculated in this
subroutine.

IS1I2: Control variable; = 0 for the lower portion

19) SUBROUTINE FARC (FAR, XLPA,XlB,IS1I2)

o Calculates the difference between the arc length
DSS and that corresponding the i-coordinates of
XLPA and XlB.

ISII2: The same as that in BBBETA.

20) SUBROUTINE SHAPE (X,Y,BETA,ISlI2)

o Calculates points along cross-section of foil to
give shape of foil. Also gives the angle o
the tangent to the foil at each point.

X: X-coordinate for which Y and BETA to be calculated.

Y: Y-coordinate of calculated point.

BETA: Angle of tangent to the foil at calculated point.

ISII2: Control variable to tell the subroutine whether to

look at the upper or lower face of the foil.

21) SUBROUTINE FC2 (T,F,XL,XH,IS1I2)

o Calculates values of the function along the wetted
arc to be integrated in the subroutine ARCLEN.

T: Value to be calculated at.

F: Value of the function.

XL: Low limit of the integration.

XH: Upper limit of the integration.

ISlI2: Control variable; = 1 for sharp leading edge

= 0 for round leading edge

7



3.0 INPUT DATA

The following data are those for the family program of PCAS

(Partially Cavitating Cascade Cases) which include PCASE,

PCASLE, and PCASLDW. Formatting examples are shown in Section

3.1. Several data cards must be changed in order to run the

different version of PCAS.

It is important to note that these programs, particularly

PCASLDW, were written to be able to handle blunt trailing

edged foils properly. Readers are advised to see [3] for the

cases having sharp trailing edges. The input data set-ups

shown below are those for calculating the two-dimensional

loadings for a partially cavitating propeller. The input

parameters representing the propeller blade configurations

include R, AAAA, to CCCC, A8 to D8 XROUND and A2AA to C2CC.

The definition of these parameters is described in [1]. The

thickness of the foil which was used for the plano-convex

foil case in the previous project [1] is now a dummy input in

these programs.

8



3.1 INPUT DATA FOR PCASE

DATA
CARD
NO. SYMBOL DESCRIPTION FORMAT

1 NGAUS Number of subdivisions used I10
in Gaussian integration.

2-4 TGAUS(I) Abscissas of Gaussian inte- 4F20.10
gration.

5-7 WGAUS(I) Weight factors of Gaussian 4F20.10
integration.

8 XXM Weighting factor for solu- F10.8
tion parameters in iterative
procedure (0 to 1).

9-14 DELT(I,J) Increment for numerical cal- 6F10.8
culations of partial deriva-
tives.

15 TH The thickness in percent of 3F20.10
the plano-convex foil (dummy
variable).

XXDD End of the normalized foil
=1.

YYDD Y coordinate of upper end of
the normalized foil.

16 R Specifies the radial location 4F20.10
on the propeller blade ,4
(normalized to be unity at
the tip)

AAAA,BBBB,CCCC Coefficients for terms in the
equation of the cross-
sectional shape of the lower
face of the propeller blade.
These coefficients are used
in the second equation for
x values along the cross-
section where .2 < x < .8
(see Reference 2 for the form
of equation).

9
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17 A8,B8,C8,D8 Coefficients for third equa- 4F20.10
tion of cross-sectional shape
of the lower face of the blade
where x < .8 (see [2] for the
form of equation).

18 XROUND Leading edge radius. This is 4F20.10
actually used only when
ISHARP = 1 (rounded leading
edge). Otherwise it is a
dummy variable.

A2AA,B2BB,C2CC Coefficients for first equa-
tion of cross-sectional shape
of the lower face of the
blade where x < .2 (see [2]
for the form of equation).

19 AAAAU,BBBBU,CCCCU Coefficients for second equa- 4F20.10
tion of cross-sectional shape
of the upper face of the blade
where .2 < x < .8 (see [2] for
the form of equation).

20 A8U,B8U,C8U,D8U Coefficients for third equa- 4F20.10
tion of cross-sectional shape
of the upper face of blade
where x > .8 (see [2] for
the form of the equation).

21 A2AAU,B2BBU,C2CCU Coefficients for first equa- 4F20.10
tion of cross-sectional shape
of the upper face of blade
where x < .2 (see [2] for
the form of the equation).

22 IFLAGI = 0 - for regular runs 2110
0 - for runs reading data

from CASCLIM. Needs extra
data for SXSI(2), SXSI(3).

NCHBY The number of Chebyshev-Gauss
control points.

23 SBETA Initial angle of incidence for 5E14.7
a starting flat plate solu-
tion in degrees.

SBETA2 Body angle of a flat plate
in degrees. Used as an
initial solution.

10



SF4 Always set - 10. Used to stop
computation if the calculated
arc length Si becomes larger
than SF4.

BETAB Body angle at point B.

BETAC Body angle at point C. 618
(initially assumed value)

24 LPMS Number of control points
over the 5 coordinates between

= -1 and b. Used for first
arc length Si. (see Reference1.1]).

LPKS Number of subdivisions between
= b and the last point of

the coarse division made by
LPMS.

LPM2 Same as LPMS only used for

calculations on second arc
length S2. Note that there
is only 1 segment spacing here.

IFLAG = 1 - for first run which
requires data to be fed in,
i.e., but only SXSI(l) to
SXSI (5).

= 0 - for use of previous data
in which case data will be
read either from a data card
(if IREAD = 5) or from tape
(if IREAD = 1). For IREAD =
5, not only SXSI(l) to SXSI(5)
but also SARC(I), BETAN(I):
SARC2(I), BETA2 must be read
from the data card.

IREAD Used for controlling where data
is read from. Either tape or
card as above.

ISHARP = 0 - for sharp leading edge.
- 1 - for rounded leading edge.

25 NITER Number of flow configurations 418
to be calculated in 1 run.

11
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MSTOP Number of iterations to
stop the larger nest.

MAXIT Number of iterations for
Newton's loop.

NHK Control index for varying
either the set values of
the angle of incidence,
solidity, or cavitation
number, depending on 1,
2, or 3, respectively for
the NITER loop.

26 ALFAlS Flow incidence angle in 4E14.7
degrees (see Figure 1).

GAMMAS Cascade geometric stagger
angle in degrees (see
Figure 1)

SOLIS Solidity of the cascade

( = c/s in Figure 1)

SIGMS Cavitation number

= P Pc)/ Vl2

27 DE,DG,DF Finite differences for numer- 3E14.7

ical derivations of 2 in sub-

routine OXFNEW. These are
replaced by DELT(I,J), no
longer used.

28 SXSI(I), I = 1,6 This card is necessary only 6E13.6
if IFLAG = 1; SXSI(I),
I =-1,6 correspond to b, c,
f, A, a2 , and E. Values
for SXSI(I) must be
arbitrarily assumed and
tried to see if a convergent
solution is obtained.

29 SARC(l), BETAN(1) Arc length vs. local inci- 2E14.7
dence angle in radians for
the lower portion of the
body; these data are

29 + LPM needed only if IFLAG = 0

SARC(LPM), BETAN(LPM) and IREAD = 5.

12



30+ LPM Arc length vs. local 2EI4.7
SARC2 (1) BETAN2(1) incidence angle in

radians for the upper
1 portion of the body;

these data are needed
30+ LPM +LPM2 only if IFLAG =0 and

SARC2(LPM2) BETAN2(LPM2) IREAD =5.

13



3.2 INPUT DATA FOR PCASLE

Several input cards change from those of PCASE. Only the

changes are noted here.

DATA
CARD
NO. SYMBOL DESCRIPTION FORMAT

9-14 DELT(I,J) Increment for numerical 7F10.8
calculations for partial
derivatives.

26 ALFA!S Flow incidence angle in 4E14.7
degrees (see Figure 1).

GAMMAS Cascade geometric stagger
angle in degrees (see
Figure 1).

SOIIS Solidity of the cascade
= c/s in Figure 1).

CAVLEN Specified cavity length
( = zc in Figure 1).

28 SXSI(I),I= 1,7 This card is necessary only 7F10.7
if IFLAG = 1; SXSI(I), I =
1, 7 correspond to b, c, f,
A, o2' a, and E.

0 14



3.3 INPUT DATA FOR PCASLDW

Several input cards change from those of PCASE. Only the

changes are noted here.

DATA
CARD
NO. SYMBOL DESCRITPION FORMAT

9-15 DELT(I,J) Increment for numerical calcu- 8F10.8
lations for partial derivatives.

26 ALFAS Flow incidence angle in degrees 4E14.7
(see Figure 2).

GAMMAS Cascade geometric stagger angle
in degrees (see Figure 2).

SOLIS Solidity of the cascade
( C/s in Figure 2).

CAVLEN Specified cavity length
(= zc in Figure 2).

28 SXSI(I),I=l,8 This card is necessary only if 8F10.7
IFLAG = 1; SXSI(I),I = 1,
8 correspond to b, c, f, A, 21
a, g, and h.

15Li



3.4 TYPICAL DATA SET-UP FOR PCASE

'T:..IPs,9-:Ascl.9r,Z ,R2P.

5 3

3.7
. '. :: .::i C~c D23c.1 .C10 0 C1 .3000031

%3 *3 1 -c5 f523:91 0.
7
15 -. 3CC 1Z12

3 3-0 .23251' -23: ~ -. E'

*22j ~ C a 12&!5 .3 2':

3 2 1
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3.5 TYPICAL DATA SET-UP FOR PCASLE

.07652E5211 .2277S53511 .3T37S6:B87 *510 E%7 2
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.:3z .i S0 1 *3 33 0333001 .0 0 21 jC L: *C t 0
C..

3.334b67 -C.454.2559 O.A3O0-437 -. 466

.331035'. J 3) eI372023
- 77.2145351 - .1362Z76 ~ ~ 1Z

.Li5121z -. _!33237 .591

2.3. 10. -33
71 3 0 'C1

.2!Z5.32 ::23t7 *052253 1 .27_73355 -. 234 t3l s!553COC7 .2 G6
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3.6 TYPICAL DATA SET-UP FOR PCASLDW

.:rPS9PC4SC.99TAPE19PWG33o

:AT2'APS9PCASC.TAPE79PW004.

ca r .

ti- SvL: ZTAP.

20
.07_'52i521.1 *2277950511 .3737060997 .1096 7 0 2
*63i0536307 .746331906% .8391i4671E.72346
9S39719273 .99312599

.1527533S71 .1491729565 .14209i1093 *1311-6613'

.1131945320 .101331196 .053276741! .062'-
7
Z0"8!

.O0C 3014253 .317 140371
0.7

.3OZ3301 *0030001 .0330301 .oooooo 01 OO00locl 0 ooooi .occoo 01 .00 0 Gc1

.03001o .0000001 .0030031 .0000001 .0000001 .000000i1 . 00 c.030 al 000000c1

.3300001i .0000001 .0033ao1 .3300330 .0000001 .3000001 .0C00co2. .0000c01
.3030301 .U030061 .0013001 .3000001 .0010001 .3c30001 .0000301 .3O0001
. 30 :3a01 o.:03 01 @.0 0 3 00 1 .000001 .00000001 .0000001 .0000101 .0000001
o.33 a03 C1 .0303001 .033301 .3030001 .00000011 .3000031 .00col301 .0000001l
.0000001 .6000001 00000001 .0000001 .0000001 .noo00 0001 c .0001 .C.000 C cl
.30030001 co* c 000~0C1. .030 ~ o 000 .00 00 .0000 .1000001 * ocOCO^ 01 .0000001

3.3 G.0153302 -O.D669565 0.00544a2
591545753 -005573311 0*6723851 -S.3152717
)9;300312 -0.0223314 -0.013303? -. 0607203
.313ii42 o0021305 .032e'311
.335z433 -.27335S2 03318431 -. 173,124 0
.1336632 -.5333753 *352697

'0

71 30 40 1
1 3 4 1

2. 53.63 e489 9
1 .:--7 1 .0-3 1.-
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4.0 OUTPUT DATA

Most of the output are self-explanatory, however, those not

explained in output data are described as follows:

T(I): This is just a repetition of the input data

TGAUS(I).

W(I): Repetition of input data WGAUS(I).

X(I): Solution parameters corresponding to SXSI(I).
Each time these appear they are an updated
version of those preceding them.

CAV(X): This gives the x-coordinate of the cavity

endpoint.

CAV(Y): This gives the y-coordinate of the cavity

endpoint.

P(I,J): Partial derivatives of Function F(I) used for
Newton's method.

YINT4: Solution to 4th integral of equation F(l).

SOLNR & SOLNM: Intermediate calculated values of integrals,
only used for checking the numerical accuracy.

F(X): Residue of each function F(l)...F(8)

SXSI(I): Solutions.

CLINF: Lift coefficient at infinity.

CDINF: Drag coefficient at infinity.

CCDD: Drag coefficient.

CCLL: Lift coefficient.

L/D: Cavity length to chord ratio.

BIGS2: Arc length of the face of the foil. Either

upper or lower face.

XCCC: x-coordinate of cavity endpoint.

YCCC: y-coordinate of cavity endpoint.
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XS2D: Intermediate values used as a check for
progress of program. Can be ignored.

XKSI: Intermediate values used as a check for
progress of program. Can be ignored.

XXX2: x-coordinate distance from the leading
edge.

SARC2: Distance from the leading edge along the
upper surface of foil at XXX2.

CP2: Normalized pressure at the upper surface
of foil at XXX2.

BBTAN2: Slope of the upper surface of the foil
surface at XXX2.

XXX: x-coordinate distance from the leading edge.

SARC: Distance from the leading edge along the
lower surface of foil at XXX.

CP: Normalized pressure at the lower surface
of foil at XXX.

BETAN: Slope of the lower surface of the foil
at XXX.
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4.1 TYPICAL OUTPUT DATA

.L3 MA LI~iK - K jNV ,OCI000 8.4 20 JUL 79 16 .06.47

i.c FT,%.L!B

C~~7L- F3' T4aLXB
4!44 21 FTa4LIS

~'0,1 CT'I4LXB
=2 rT'4LIS
12 FTN&LX6

r~ t-I ~ 3 Fr'%4LIa

.. !. FT%4L!E

cif 9T%4L11

.:z1 '42 cTNLIS

CT? ~ .&L:3-
- -, - T4ALI5

4' ~ ' 1-CI4I

ru) '~~~ 4 ~~ .01 ~Th6' 6N46 7b
3
Il *3161 92343 *6I13 S32

~~'11 ~ 4 .iia' 115 5 1~~1 0377 02725 *4613 *1&4

* *' * '1' .1201~.~0TA000001

8EAO.'~ rEIA 4 F!Rt -- 8.

Ilil,545!'1~3 e~8 .0 1"a12 .08CCI T - .01 0627(5 .4(a4 071C
A ~ ~ 15 0s Ica~calc .00000,710*3344 0 ~ -. 47 1

TF.u' 
o~~7*0: .681 88 ~ *~~9 C coo-.673&

~AAGcclnaol,88: *34!0 CCCU *3l6

TKCtfjEcE ^9.LE OLAI *^4V) cCI =4~1E' £O1.TY *5 3T2001

R= .- AA' . 103 .1B?8' L -. 0 29 CCCNN.00140(CV) .0

r!5:97 *711-*.1- 29= .!70 CCz .670

-* Iu 8870'i2 -. 315414E2 Kh s: *1 1866018ca .01C

A"AU= .16!' 52BU - -?21 ZCZ 1 08



I ~ ~ KI -:?111:*213672C-A1
Cj ?:1A42? 'I1c2!~ 11(51: .722673&E-r I

IT 7 :lTA.2z -. 3!St.= 915 *241997E-.'1
1: i A%42= -37.j .a- X31:- *72!9!61C0

=57A%2= -. 31:8:&4r0c1 XKS1: .723t59-cl

1::2iT74.2: -. j!34, *!2C,1 Xfl5I= .TSSOAB2E-01
:~3i42 .2~&YEC c11 *7S5031-01

l: 15 S1X 1 .31Ti!I.51 xflI: .7*3659E-ri

!4 17 :74.2: -.3Ki62E0 115! 7406321E-01
315 Zi3A'.2: X.2a2I.3 .13 *?56293E -PI
1: 2: T%2 S& . .3142771.3 *1(1:= .75#522-01

IT 17 dBTA'2: -. ,31 162E3E*0 X1SIz *753q2!E-,I

1: 22 Il 2 - 31+Z43'c." 11(51 .75h5R2C r 1I

l± 19 =ETAi& -.S1#4.iJC7*'1 V1(5j .7735139-0l
;= 25 SSTA'.2: -.314Z37'E~11 xI(SI: .773710E-01
: 21 38A42:- -.31.4312!E-31 XSI TS323387E-411
i: 27 LQTA'.: -. !ji*4(14}1- X1(g: *7824719EC-01
:z 2! s~:.157EC 1(53: *769!S1E-Oil

j: 32 XiT3l7: r.1i6E
3  

1SI: *7C51739Ce1,

IT 3, j 34j:-.3c;C3 v1(53 .fl9476E-A1
27 ' IBTA'52: -3E:b1XflS: .7902419-01

:z 37 54TA%2: -.3145317E*Cl I(1(51 .075!9E-01

I: 9 967A'ji:-.3'6~E3 11(51 .83*06829-Cl
1: * .5812 -.346499'l X:.890633E-01lITZ * 1t.)~ 2A :A2: *121441.03 YP9 05E

x2:&532=2T.,.2: .1.21C'1 vj'I= 7C1: 4u35-cI

g;Zx;:~ ~~~~~ZE .c,9.C '2 i2t3 1 J
t

9 .VC32EI
B:EfT A'!3.~ 131f -b *i*2l49= yPC.432c-G

i Tst 'f:rg .. z: =2 -. 1'.2zl, .,*03 Z=. YP17 *'35250I
;z~,& 37'4. *'TSZ XK.3: .3215*3 4 ZT': *43CC

OT -4,,9. -l -i. 3 462l?'-02 ?J'PI i ..143!C-03
AEZ=:2: .14214E+00 YUPE9: .40352E-01

(55'.: *q--- 32= *i&9j.5.33 vuZPC9q *'u352E-'2i

A(j.C~ Z.-5E-ft' .Z1266'ZE*C1 -. 761547C. .-. 52E7C1C1 .55640O 5394E

:t:.d): -3'~'.z S2* .s431'%i+:0 -. 336&2E.0 *afo352E1*94*O.0-lOIIE

cj 53: .141 xCCC5 .65539= .4005 3057

3z=l .3''91 ~ o YSAVY: .35251E-4

. 1 ; - 33Y .3375
'/%,%E.! .'l,67E0 -d89I3Eg .5A9b3E*: .213969Q**

.0 **,6i2 --O IZG02LL*C .'114aEOG -. 0692E

3.,,-946-0 .'544*E1 .13612E-0 .. 1(&214-0

*: t-2 .'3 341: . *:zc-- .3!89YsC 445

.. ,A: .. e' 3341 S!3L

-X=: .r~ CAVVT .3C7

381 5.71 :441:.=75
5:x= 1 CAVI: .313
C./A=: .C,6 AlTT ..24 1

x44 .Y?> 241: .399
co4s:= 1;717 CAVl: ." !3191

C/: ... 41 *10362- 5S

C449: .565r 441 .1038.7

CAIO .2-- t C.%vT .9 22



:Avx= 1~95i CAVY: 1)3

CAVAC: .64idl CAVY= .1 ,b6I

VIA zj 7 Z C.- v: .c95l&

.C44XZ .7tz s CZ.:Y .11!32
CAJfX: 7- -y: *?7

AlixS 71S CAVY: :01-37

AVX 221~-Z '.V: 4 7;
A(VA -- .?1A It' :2 :,

C 1:X I. !i~2 -.T!7E2 A9SC V Y i S 164

F~ ~mT- 6 2:1-. 2 '.4E: 3 YcS1 *72 7S2 E-

acl -. :117 -3I~5CI (S:*20(Ec

C 3S~2 A.!Z34iME*A i(I *222E

2 3A1'' (.1.3 I~S L7713 -

17LaEl2 -. 31.13321.Uo AKSI .71814E-0

1= 3 JA4 2 .5= '71, XKSI= .7169o..1E-fO1
21 95TA42= -.313-693E*51 Xt(Sl= .761864-C1
'2 z3A.'2 -:S6U XiKSI= .7A51765E-C
I= 1'A?!2 = -. 3l!7((4Qj x.y(S I .722a43311-Cl1
7- 4. ')I~2 -. 16K.1 SI: .72356!E1-01

3 -iA12 -. 31,:'771.31 XKS *725245,E-0.
2 3~2 -. 3*.5 2 64E-01 XKSI: *'82793E-fOI

10' zzAA*2Z -.3a: , lG*I XKSZ: .729925-C1O
11 =zTA'.2= -. 2551A KS-. *7311TtE- 'l

1-3 0-TA'42: -. +L XSI= .73685928E-01
:" s'8A12: .1821 XKSI: .7396775q-1

I ?.5112 W.A1C' KS!= ..721?O-C

14 xi37 :-.3-.~Y(5I: .A'52a4E-01

vC1.C 2P31 C A~ 31*4123E-0 YJrP63: *4018356-U

2!'~ . iTA4' 2 *'1931*33#G AKSIE .743556-01

ICEO:.~S1?6C i 3A'2: !i9E YUPIR .7745-0
ICC ~ 'T TA9C9~ z *141EI. .Ut': B7SE-laI

JCSJ:.3~-?" 2 *:433C.S .79P3: .403-Cl
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;1(1#4)= *'!7675i~fl42 .5?z~z1IE.r1 -.11Tha4es(.-2 .1373571E*.1 .L122E-01 -. 1335?3&E-01

~iGsz= .L4I'! kICCm .65'91 YCCCZ Z.-1
.. AVA: .CAWYS

C.AVA= .O'c9l CAVY:z .102!2
CAVX:- .1c~1 CAVY: t)~479

- CWAZ . 16-9 CAVYZ C1C7

;,.4Ax .,1)69 CAvYz *O:397
C .a: *'lz CA~ *j24 -

-4dAZ Z274 1IVYZ 0*39
C~A .. Ii": CAVYz ."2a144
Z.44= *11 CAVY: Z A4
CVA= c1'724 CAvy= .036f,9

..vV: .1::?: C.VY: .Cbai
.. A:A .11, CAVY: 775

VV: xz CAVYX .. 55
vx-- .AV276 CAVY: -6361,

C;VAs .2 l C AVY: - .80
CAVA *a'~7' AVY: .1'8172

.Avx S55 CAVY' .0:372
:;VA: *5V2fi CAVY= rVS 72

.4:A .4Z.33 CAVY: a,)3
CVA= .&i,76 ClAY: *597?
VAI: .72..b3 CAVYZ .103148

.. A: .4V:IVA C.AVY= .1:72

;.4A Z .E ,I CAVY: *AISfC61&

..v4= :jTA.Z -. 1A.:93, 1I ?93VCC

A: = .7-: -. y'3CC =)St csol.;!-

2:vx .6!! CSTAVZ -.317A ~fl Ss *ZSSC5

Z(S: 11-.42: .33374.1 '7: 73-"2C3

12 1 TA4:-31t2CZ 11t .7532fiE- jj

isiiriz-3sopiXSM.17 E3
1% !bA,2 XKIZ ?I9t424



Ex 20 OA 127?., yVSIS .7136706C-1.

11 i@ TA : z .j!I3 f W-( SIX *79619 E-01

1 z 20 6 1 -.31036E"e! XKSIS .7717M&E-31l

2 8T% = 310 I~ E: XA J'S'2 .40097 E-1

1- 1 tt&4. - l*!WAE.O. X UPPI : . .'fl"eE- I

.1*9(Iarv' Y UZ-- .73 SOE1

z-. -11 %:::~~ -3r 4i KX% .78056TE 1

Ai!3 E# XKI .7!1 .*S7E- I

j tT\Z yJiPi : .798354 E-1

.... ~z : 'I -. ~9T.719(.119E-01 17~7-G .1913E

CAV: A27 A': ~ *'1vi

!' tzTOXs2 106117 7EV *r,2 XSz d 62 E-

I=VX !9:& CAVY:Z *2713

,AAAS *b4,S!E-Z ylA~'Y- .4035E-0
Acl A i 4'A C!Y .3Z.: !I:%-A

~~YJOP .i*u!5SE-o'9~
,.AVp*:- .724 CAV: *932

aX 14.' CAVY .A918z .%6 5-E-
A C7 .4S! .1's16 QLVY Y*C;z .613!E0

.4 A .79P--9 cay,: .477,
A::. :z17 .. z.3723

CA/VS -c,, YUVY PR R= 4055-0

.. ~~~.V40,5 .C3 Cl .V3

)43!Ef

XCL r, 5;)s YJPbz 5 5 25



7 - 3

a)3 .3 3c i 3

~t±) .:7'4I I

Is 11 SAC - 44AT CX: -.50oCoIoi:.o BF7AN: -.6571643E-01
71 SARCZ .5-2 71813t-43 X A X .5 714A 79L-03 CPT .979CSIZC.Oc WEANT -. 655370SE-CS

12 13 ZAF..2 .!4497fil-%- XXX: *1496!5'E..12 CPT *g62424E+AC &ETA?.-= -.652482SE-O1
12 ii !.ACZ .7JA- X .2 .2 555;!53E-92 CP: .963 1730E010 SEC4A6: -. 648849dbE-o1
I: z 7 *A.ACZ .7l!57-C.2 xxX .40i7*9E.'2 CPT *333438E-CC BETA%=2 -.6'46200C-01
12 8 SAiC: X~24- A 4* .2559eftE-02 Cr= *P 192332E.OZ WNT -.6399016E-01

12 S! SAXIC2 7395 Xli:A Z' CPT Q~67!71'E-r3 iETA.: -.63477eSE-C1

is j4 SArl,2 .5gQ5 ~z> .x *144.17E-12 CPT *-!Z697ME-Onf eETANz -. fi29!226E-Jll

is :i 83 SA r ;Z *19 5 9 1 i*xx *131 Sli I i.- -1 CPT *73i56?!c34ft BETA%=: - .61764EPE-0 1
is1.i SARXC: 3= ~ C XXAZ .5Z323E-r. CPT *7i6;324E. Z SE'u -. 61524E-01
I= Z SAmCz Xi'~6C- .13 *7'!7!eX!E-'j Ci: *y11S90!.o0 8ETAN: -. 6052741E-01

1: 39 S~AOC: .15532tJz-. 01XAA 13zE Ci?: *2365lcE*V1 BE-hN: -. 59892E9E-IO1
1% 58 SAPCC *22!2363Z-';l 21A 2bc8' ?E-cl PT .7i18591.E-ftC WCANT -. 592522SE-01
I% S7 SARC2 .27746;E-Cl XXX= Z42,-72 E--!l f.;= .69354f+00 BETAh-: -.53606SLE-61
IT !6 SAPCZ Z21,915r-Ol Y 2 X 22X7 CPT .2174E-rn. eETAKC -.5756422E-01
!a 55 SAAC: *2933±I6Z- 1 AXA 247'=E' C;= .8B7* E-ANZ -. 573217EE-1
1* 54 SAKCS . ,5.3 6 1 hA A .3Z3*49SE- 1 Cr . *85333ZE+G: GEAN2 -.5668322E-01
1: 3? SAACz 555~' ,X **'34 CX: *g'&471±.CC BETAN: -.!605046E-01
It 52 SApiCZ .4771?2'FE-'1 X42: .576!276E-'1 CP: *.429E 8 ETAN: -. 542516E-01
is 51 SO)Cz .441534E-71 XAX= *'13422SE-;l CPT .1239423E-.L BETAN: -.SA8088E-O1
is SAP, 5I. .439-tAA443 . 41!:57 14 -f- CPT .51441!0L.+Or EE'rA-% -. 520266E-01
Is 49 SACz .GSIL1 4 *5'47C5 CPZZ *85'625CE*03 BE-AI. -. 5360798E-01
I= 148 SA PC z .485 .3 11S WY-1! 1 4If5v#v-= CPT .!97 2866E*'5j WEANT -. 5302571E-01
IT 47 SARE: .52115r-1 AAXZ ^P='9-I ? .5894362E.CC' BETAN: -.5245680E-O1
1: 11m SARC: 3217±4 AAAZ *5ESO-41 CPT .!620369E-10 BETAN3 -.51902OZE-01
is %5 SARCZ *S?7i.344r-j1 ~Ax .56923^E-31 CPT .5750538C.OfJ BETAhm -. 51362;9E-01
Z: 40 SAP.^ .59j45L8±-f gx1*: .25571675L-C. CPT .563*5A6E+CC BE'AN= -. 5083759E-41

j m 43 SAPC2 .o.3322EI XAXf i529al-01 CPT .&2173C18 BET AN= -. 50329C4E-CI
IT 42 SARC= .6545781E-.1. XXXz i533506SE-Cl CPT .35S83SE+QC eETANz -. 4983690E-01
i: 41 SAPCz ei~1lI-ul XX.: i1756bE-91 CPT *55171tUE#00 BETAN: -.49361S3E-01
I= 4 SAP C: .7111727F-2 l )XX= .713a&!-G CPT .545'58CE*C BETANZ .4390325E-CS

S23 : 3 .72 * 497&t-'± *&X= *7!6354ECc CPT .54-1371±;E*Pa BETAN: -.45462!3E-Ol
Is U, 5.31±: *7e7822":-,1 X3242 .76S6173E-01 C?: .535567',C.4C FE-AN= .48C3596E-01
,= 37 SA.KC= .711.1374E-01. (X: *7''49?.E-C1 CPT .'31402E*'C WATI -.4763312E-11l
i: 5c 1C: =*R,:4431 Z -. l iX:- :311B-z .526715±E*O4 6ET Ah: .. 4724553E-Cl

15 S! c i~ !s 2 L 14".±-! 4g- 253
3). CF= *52259E;L.ftC BETAN.: -.*6d7!6TE-31

it 34 :.ircz * 7C s*24 x 7564- CPT *514fi66CE C' AN= -.465238CE.Cl
IT -3 sA, cz *9,qr4r±-.jj 4: if,-7!^!E-0j CPT *5149397E*0s BE-AN= .1+618994E-01
is 32 Sa.Zz .9372157E-A* xX= *335P244C-Cl CPT *SII3TACE-00 EEAN: -.45e740SE-01
I: !1 SlQc: *98552761E-jl xxxz *3638-S&E-01 CP: so17q-55E*.^2 WANT4 -.45!762DE-01
j2 3. A Zz *3:3A-i (7: )315139E-il CPT *504685EeC BETAN= -.&529624E-01
.23 ±,.i3rCz *a1-7e3E. XYX= Z.4522*E*C3 C?= *4341431E+00 WEANT -. 468Z966E-01

IT .. !AFCC2 .2xx1CZ XX .:95!SEO CPT .p 4O969!BE*OB WANT -. 50IS21CE-01
1-- 2. S~fCz *317S93?.r-fl xAxx .3614484E030 CPT *39658859E*40 EETAN= -. 535471SE-01
IT ?b SIPC: *.&36i.E*: Xg42 .42!4472.#Oo CPT .3891902E*OO WANT11 -. 5671953E-41
IT j5 SahCz *.x73? zC s ~.: 473302221.0 CPT *3e39676E*00 BEANZ -.SS62B4aE-01

'A. S14C ,55~2. lA!: *3;C44E*Ofl CPT: 3801824E*OG WlANT::.6229032E:01
iz 1.3 3AR.: .' Z. XA:Z .555714E#CO CPT *377Z525E*I0C BETAN42 -6473385EZ-C1
i: 22 SAFC= *3A771.' i95,25iT3~E C3 CPT .3749057E 00 WA1NT1 -.669714E-01
21 3zo: XXX=,,.: 13 : *8B57SE 07 CPT:*3729f-SOE.1' SETAli: -. 6907514E-R.

1: ~ ~ ~ ~ , 2CSI: * 793 4* E33E1 P 3713497E#00 SETAN: -.710189SE-01
12IS iS ~ .m saz!. 443AX 36g47 CPT .36?995SL*113 811511 -.?2e36S2E-01
is I: S3.2:*7S= b' XXXm 7*2C~.CP CX .3689844E*40 BETAN= -.74,54273E-Ifl

is 17 4A Cz *)(-Xz. .': 95122E15 CPT .36302&4E*CG BETANZ -.T61!020E!'l
I.= 1. ss.:= .732k3C. 33 78*-.E CPT *3674592EC' BC

3
AN2 -.7766&SBOE-01

1:21 SAZ.^ .7 47"OP, AAA= *-42722CC*CO CPT: *367394)E+CO 817511: -. 79110M2-ol
.2 1- 34; := gxZ41.i 423 .0472MoC.3 CPT .369157&Lo4! SETANZ *.eC?307SE-al
13 1.! S*Cz 4b '. S74- 2 *XA 242129E-3C CPT *369076*E"0 811811: -. 83644?3C.OL
I=12 ;aAiC= ..4St3~i;-, 4342 *42634E*A CPT *36939591E*I1 SETANz -. 6669276E-CI

~ .~±: 4~ACA *2!15 CPT *36323e3E*CP ErtAN: -. 904!366E-01
121S.r. *-4..-";mX! *77r473~oo CPT .36a5fi64E.5O BETAN2 .94246G2E-01

iz:! E.;C: qixzl~ '.i I: 931356EO'C0 CPT .3673532E+.5Q WANT -.982757bE--Il
12 i .lA-C2 267 *42z 03240E*'2l CPT *365'6551'oCC WAT -. 1024650E-00

2 6



IA.: z ix~ 2*4!4 XAZ 32313ColIu CP:- *329191E 0 4 BWAhz -. 106640E*03
.1 -'Z*. gAAh .I7t. Ce: .3!3k371EC brANS *.11Si'2C.O-0

4 tx z r.f. 'A( 3 CP : .!5! 0 iE-AS -.jl5S7EbE*0
A -AC: vtx: z,4) 7 bE*C. 7 CC: .3401?E

2
CC eE-A~j -. 12 GI M-4 a

Izi~* AXAA .?O4Sa'EOCj CP= *333O27EE*10 STAN: -.129891!E-00
I3Akrz.1' .A 51;928iPE-SC CP: .2113646E.OC SETA.%i .I47zC~

* '; A .,A .3543%SbL'rO. CP2: -. 5 0 V -, G ETAN2 3 E-
it SA4: .14lil;-,! AAXZ= *4175663NOAC CF2 .96d6!79E+09 SETAN? 22 342Ee

SARC2: .2436iSE-1l tXX2?: *8877942E*00 CP2: .9536373E420 BETAK2: -.31308b$COC1
S;6 A C 22?X X!7.3C X 2. .296622%E-33 CP2: .v415o!E-10 aETAk2: -. 3137S4aE.e2

* Aacz= .4 1I2 67 E- 1 X2:Z .?t 4 6 oE ., CC: .873-14iE.33 9CTAk2: .ZZ1CO
' iA4C?z .3aC1XXXZ= .93aS6?E-Cl CPz .63746E+00 SETAN?: -. 138669E.&1

Z=7 '-RZ XYVZ: . 112Ec CF:: eo&2S69E--a IBTA**2= -.3139122E#01
-- SAAC2: .9573!79~- ;-, VX.: .11!141-*O CC00 *73480E*40 8ETAk22 -.31!949!E#01

C.: i 3z'c( x : .91917?.!E.13 Ce?: .*66 4.ftC SETAh2z -*3139fiZE-ft
: ! IL&MCZ2 *. 11 E2 $$,V:=.9! *2 71 E -0 )C.F2-- CCC *2 C 74iE *' : SEs?.,2= -.314O1IBE*01
TZU SAAC2= 6~cEc-. XXX2: *52ci362E*Sl Cr?: .66 ,32?6E. 1 eETAN?: -.-1aO5G4Z+Cl
z 144:22 .%c1:ZuI-4 ~XX(:= '*qC5235E*G: CP?: fi75!43iE-?C L2ET AN? -.314079,dE-01

AIC?: -*!!az~ 4 X2 EC1~T CF- .&06.fl tA -.3141?78E.O1
1- 4 $A.AC2z *763b6-.l 4XX22: .595!E-01 CP?c .6367!6SE-0 oCT6.2 -.314132E-01
= t SAikC2= *7971 1-:3E-'1 I XXX2 .*i39cS5~E." C q 2 - .6I179!E.o SETA&2z -.. 16Ia,03E.Q1

1% 16 SARC2: .JA2Z37E- '1 Xll?:- .91fefE CC?: .601SO?&E.30 3ETAN2z -. 3141648E-01
:17 SARC2: m55-'2,-)L 4::z: .9448791E.01 CC?: *586CA8BC-IG 8ETAN2z -. 3142290E.G1
:= A1 SAIRC2= .4?!:75-,l XXX2= .94?bt~fiE*G0 CP2 .5714329E-00 SETAN2: -.51'231BE0C1

I= 13 SARtC22 *11323E-dl XXX2= *9!!S431IIE*0 CP22 *5e74,3E.?O 8ETA7A2: -.3142545E.O1
- J SARC.: .53746i*E-;1 XXX2= .9'S3)9&E-0C CP2= .54!!CE-00 BET'd42= -.. 142759E.Cl

iz 21 SAiC?: *9t4l'46zE-)l 40X2z *5557io25E-00 COZZ *5314961E*00 SETAN2z -. 31422~7E#O
22 SARC22 . X.;C.; *72= .958!333E-04 CC?: *!I9!9fC.iE1Gl BETANZ= -. 31e3171SE.O1
Z3 SARUM: . .1556IE.-,3 XXX2= *,,aC34C.*, CC?: *SD77687C~oo SETAN2= -.3143376E.O01
^4 SARC2: I4'=. XXX2: .9632VE+.; CC?: *4966341E*OO BETAN23 -.31i 5b9E.O1
-5I?~:.5ZC: X.: C: .A3?Co E&2 -.3143TSCE-O1

lz 25 ;AICC:- .1. i4!SEC'- )XX: *968T93-E..o. CF?-- .*A!4R65ECG~ SETA.%2: .1X=C
.. A.: .!=Q7 -: XX2 *X71;7!E-O CP?z .-65-002E.'00 8ETAN?= -. 3144124E-31

lo S ARC22 .:1!7-65E.C3 IXA2: *973C54SE~aS CCC: .4558.SE+00 BETA?.?: -. 314*299E*h1
:29 C ARC2= .it.33E- 4:' *AXI=.7!'3)12EC3 CC?: .44-iWE-00 SETAN22 -.3144472E*01
-. . .11I3338!E>-:YX2 i768'. 3 Cr2- .*3oz9.,YlQ eTA -. 314439E-0

:= 1 izAl2 *-IZ7.3 YXXZ: .479971!E~ll CC?: *42T!1CSE.lQ SETAtJm -.314&SCAC.O1
rI K :LAC,= ~ *J kx(2- .9a21990E- CP?: .4181231.'010 BETAh?: -.314496CE#Cl

:z!ZSAC,. .12:!S75E.q: X.2: *9844266E*O,; CF?: *4O65577E..JO RETA?.?: -.3145122E-71
iz 4 .kCi: *I'?1-* AXYZZ -986599&E#00 CP2: .39976,7C.OS SETAN2: -.314527&E*O1

AC: *! :: X2Z .93C69isE.13 CCC: .!607741E*00 BETAN?:= -. 3145572E-01
lzs AI T.11 14C i3 XXX2= -99.3GIIIE-00 CP2:x .37C7023C-00 BETAN2: -.3145716ECl

It! A'C'= .1'-3E-C- XXX2: .99'CT64E*00 CC?: * !9?658E..O SETANd2Z -. 3145BS6E*01
! ;ACiz .1177131E*. KXX2:- .997!16E-01 CP': .347659*E-00 BETAN?: -.3.4S59E-01

4 SAC~ .1 5u7439E.-3 XX2: .999IqI'E*OG CP2= .3!2-G91EOCG EETA;,2z -. 314612rECZ.
*--q~ .2 -! 7r3se-1 )462= *103'lI41EOI CPC: .Z97!64.E--l-I .ETLN!= -.31629E*01

I- O --w XC 1/2 A -!1'4F. .LI JF=* ou25zC*% CCINFT .*Zj 7576E-Oi
:- : T. P C : '' IZ~ 'F :.4F: = .11G5618E.11

* .. - .7~.i~~'J /~:.64"SS65E401

yz q46925I&E-C.
'4'' 3Y: .25 17521E-02?

* ~ ~ Y - 1 1 . : I76-)E-11

Y= .t1277F-'l - 333-CG

X2 f= .j 4265342c-,31

wz Y--7C. y: *41S793F-CI
X= 1 111A346* 4 gr* . 77S S4

E-i,

A: ~ ~ ~ f *.437.8; 6 31*29,E-01
.! *1!2374C. 4: ym.34V!3El

I= .44295r-.:Y: *'A7'5sE-.Il

IX .a4s712sbC.,*4 *1217661E'(3

f2 .6C41472E-P v: *113?3SSE.)

27



ya .82C7'.2E- i

t: lZ~E . f 9 .'Zi*4

y - 1'33 * 3t *) 13 L-
ts Yz .5."9S3TE- 1

At ."!04

St~~ .2z
8: CA. fm

.- t Vt

ym

at ... 7

* *
4t .c

Yt .

lY=

a: t z

YZ
A 76 y

At C

zi yx
92* - 3'F

4 a Ct,

28



ME a6t-: 3E:~i-^: . &~~ 3#1C~ -. ?lWQ117l-O1 *3102E.O4

*i&!4IiE* - *. S2: :* E

**C3E6 Z*..x2e'~

*561'1hC 7!

3. E

- C 31,t: 7.-1

.2 Tot'1

*
7
~t ;-0 3i I--.

It -C

-'2-



• ~ -. - ' ic7 : l

3 1 .

30t

**!7e,'E -. !'..23t*

*L U5e~~.
*: 4~ -

*~[

.ia ''-~ -

*L~u
0

3eE1 -. :.el'<.

30



5.0 LISTING OF PCASE

PROSKAM PCASE(INPUT.3UPUTTAPE5:IVPJTTAPE6:OJT2UT.TAPE27,TAPEI)
0'4LINZAi PARTLA.LY :AdLTATI'JG CASCADE :ALCUL.AtI3JSo
5/17/1973 PR)3RA~4D 81' Do FJRJYA.

DIMENSION SXSIIS),XXXc513)9:-"151!) .INTCSO) ,XCP(5) ,VCP(5)
DIMCNSION rL(200).FDC2OC)sC22(131),XXX2C2O1) ,FLZ(1O0),F!2<C)

C34"O4/JPPri&AAJ8233JC2:CJA A J BBBBJ9ZC:CJ oA8J958J*C8us38U

C3?9W0N/DELTA0/DELT(;&5
C04404 YCCCgSaETA2
C34434' XIIvaoo),XIr4(20o)A44ss2S(22o) SAfC2C2O3)
C34404' CASK tIDO) ,Ad1( 1oO).8:-Tk3,3r-rA~,XCCCN:AJLP4M.NS2

CO'MON FLA2A~IIOELTAs 35APA..-Alv3AllA
C041"04 SIl iAS8CTAEXX4,TCDISARCO(513)
,U'AM04 1oJ .,XA9X8qX:,rA4G6,-?,Y~tiJBG, 939I69M -q

C3M0 EETAN(513),BU-AqC513),IJLP(, XII(2C),KJJC2CO~q,'X
C2MMC4 XR3J'4OA2AA*3238 .C2C:
C34404 AAAAaBB8,:C:::.A8,69,ce1ieTSAUS(100) ,d6kUSC10O) ,NGAUS

:3*T4 --- F3R ARC I r~ r3JA 1'dTr31L.

: 3T&'42 V~ E"GJA.LY SPACE) ICREdE4T FD ARC 2.
: 3TAN2 rO Ch'-3YCrIEV- SAJSS VERSION G= 3ETAN2*

HT/KCIhT/N'qi'qC
rCAPSE )099,5( DAER

Pa~ ~~~)o0* -:.4525 --------------------- --- 3'41AS -r3V rKAW Nr20-- --.qXOl TA4iROr DE85

R--k)59795) NGAUS
.AJ Si! GAJS .1

441dN2:41AUS/2
'4 AJS2=NX42#1
READ(5*56O) CTGAUS(I ) ,Z!GAJS2,IJGAU5)
RrA)(5956OI (.lGAUS( 1),I:.3AJS2,NGAJS)

2i 4;AS( I2)z..,A4S4 N5AJSI 1Q)
.iRITE(69*561) (T3AUS( 1) .INGAUS2,NGAJS)
WRITEc695i2) (.SAJSC I)ol:4GAJS2oK5AJS)

5iO =)RAr C F2a.jO)

rAD (59590) XMKOY

21 59 IOELT~AAA 33!6

REA.'(5,560) ThqXX0,C8,30B

REA3E5. 560) AAAAJ98333J 9 C:::J
READ (5*S63) *8964,C6Uq0SJ
17A 4595i3) A2AAJq9233jqCz2:J
ftAI59795) IFLAGI ,'6248Y
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IREAD 15.1321) S97-TA ,53ETA2,3F,,3ErAi ,8ETAC
MCAD(59551) LP ,L?4S6P2IF.ASIRP &DIS-IAIP
iz.AD(5, 201) 4dOT Rq,4ir)3v4AXI Tq4dV
ICAO(59202) A.FA1Sv;A'l4ASS2ISq SIA
RiADIS9229) OECG90-
33 592 1OE._.TAz1qS

5)2 JRITE (6,9591) (OEtT(IELTk,)I,1,6)
JRIorcc6,6553)

5a35 92R*AAT(20Xs.X AND Y :DOROINATE3 OF JPOER OL40Z --NO ;)C1NT=#*1H(

gqITE (6.5690) TVIXE4
ir~,5631) SETA), )ETAC
iitir(69565) 1qAADAA913339:::
aRITE( 6,566) AEei3906

JRITE (64523) AAAAU.9BU9CCU
OR ITEC6,524) A8J,)SJ,:8J9)J
oRITE,(6 .525) A2AAU, 9B9C:C
auIr;E6,1229) LF' q_'S9S9ETAstRE&O, NCHSY
du~rics,132' :_71)393:93F4
wRITEC691521) SBETA?

531 FOR*9AT C1C0, 'DELTA (tsJ)Z*i6('I.a.8v2X))
5S30 93R4AT (20X9,. ICA4dESS )F -1A43 C34IEX 901, *q: .qCqY1~

1-1005)
525 FDRIArIt20E,.A2AAU:., :13.6,2X,929U:*,F10.6.2K.:2cCCj=.,10.6)

XAcd 0.6) .i

5Z3 =34A(20X,.AAAAUZ*9210 .'-2X ..55E9J:.,FlO.692X,.CCCCJ=. FlC .6)

1 91cw6)
Z~~~-3 ?L..G?...1.A: 2R EUST RU.% t IFLAG= 3l R R'dOJS CAT& JSE.

PZLAG1:0 =OR IESULAR RUNS, ILA51MECFIR RUNS OF RE-A3!'JG OATA FFC." CASCLIM.
: P 1LAG1'dE*Q 'EE) E1-riA DATA FDA SXSIC?) A40 SXS1 CS).
735 c3R'AT(3I13)

:AAA.393B,:CC:A1E C71STAIrS FOR 2-T:_R4 ZAMSER, w 441 S;ITrx)

: ------ A-CJ..ATE0 FR423Trl 213RA4 :ALLED -CA43Ei -----
: 43*389cs A-NO 36 ARE CJET21IENTS rOl 3OLY'J0MIALS --OR x 5REATER TH-AN .8.
: hj.&2AkJA8J ETto.. WRE TIE S%4E AS AAAA ETC..* EXCE7FT TH7EY ARE

: r3R rHE U3RER PACE OF TIE m'.lL
: :.)3 A'd0 Z-001 ARE 43d )J44Yo

S:4 IS USED FOR OCTER41dING4O4ET'irER T3 :ALCJLATE BETA*
1521 :3)RihTt5E14*7)
0 U..~1NECEDS 3kTA :A.33S cD SESICI), 121959 tREAD 4AY 3E S7ET TO 5%
I-' 19LAGZC 9 DATA WILL 3-2 READ EIT~rR F13M

] ArA CARD IF RA:
TA3EI IF IR;.4DZ1.

5S1 F3ft1AT(1019)
231 D3R4AT(413)

32,310 ARE ri4E L'dO4rEiErs FOR )_rRivArrVES Vi 3Dx%_d*
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- l:I.E-3 S CF=1.E-5 ARE JSEO BETORE.

221 TORIAT43E14*7)
1229 3RMATC 9MP=ltt9MP=19XeFSEA9-479YSIED#I

XX * N:45Y:., 13)
i5l TDATC2Ox,.YETAB A'J3 RETAC AS FIRST GUESS=-,n10.5,2KvFlCo5)
1324 fT 3IAT( 1Or9 .HLaE:,!'14.7,2Xq3lDOz9E4. 793H OF=, 9E14.79 2X 94HST4=gE14.?)
1521 F3Ar(l1o ,S3ErA?-Z9--14o7)

S9ETA2=S8ETA2*PAI/li3.

8ETAC=5ETAC*PA:/j5G.

NS2=9L
3

2~S

JRITE 6. 1469) LP291ISACO

SilAi
2

=C C. S4ARP E

S3ETAZS3ETA*P&I/130s

IS :: RisPvI)E) T4; nw., Vj r~l: LOOP )DZ'3 qOT 3D TRO3UrH
IT9 F=04 OF PRESET V&LJE MJST 8:- JS7-0.

ALPA10AlAS
GAM'A3:GA~lS
SOLI 0:SOLI S
S I GIA:S I GS

Ir(Nh(*EQ.2) 50 TO 241
IT 4H< -- ,3)Sr TO 242

SIO4A=SIG'S-.1.zL3ATCIJL-)
a) TO 243

242 SOLl3=SOLIS*O.1.FLOAr( tJK( -1
50 TO 243

GO TC 243
20 4_Aj12ALt-4jS-2. .L2 41 I JK.- 1)

24 CONTIUE

A..FAI=ALFAIO.PA I/li).

3SAPz1./SOLIO

)2-LTAZALFA4GA1'.A

4RITE(69666) ALTA109341409SO..I
S 6 C3RP ATf1Xql&HINZ12DE4: AN1..-:,El4.7, lx 6ri1AVAM:,El4.7,lK 99HSOLI2)IT

XY!, C 14.7)I
4RITEC3 ,863) VLAPAN

STOLL:2.E-4
sro-s:5 .E-4
ERC=1.E-2

- IwIT. MO.:SI3;4A9 AO ?SLZ.
'oiITEC i#!11) SISM

311 F3RlArc1OXIl1CAVIT. 'dO :,'14.7)

3'C-:IrY Hf3R221...tS C4A34zTCrRISr1:S AND SE'. POINTS*
X ̂  2lo
YCzO.
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~irlct6,!02) xA~xiqKZ9f3,xK32,yy3O
502 F3RMAT( 1O1,6HCk ORO:,El4.7,2X,17-UP~r- SEP. *CI NTzEj4*7.2Yq2Oi4CONN

y :10.6)
sr*~t ItEAATIVr- P13CE3JA%.

- -- ASIC C O IS nAT Or =,.At 2..ArE ---.
tLr:-RAt IS INDEX FOR VU43fR~ 0- ITERATIOVdS.

ITEIAs1
IF(IFLAG*EZ*O) ITERA=2
3I6S:I.

I SI 12 =
XINCRT:XA/50.
33 243 II( :zi~
XLC*.K~iIGAl
X41 (::LOJ Il4CRT
CAL . ARCL-74(SvXL3. ,X~lit349IS1I2)

24! OLGS=BIGS.S
411TE(6,534) 313S

534 OPMAT( 10X95HBISS:,E-1A.7)

LPM=LPMS
.KL<S

1:31 IS USE: FOR :04T40-" US 2GiA4; 0 FO irEi. 1 FJR T-fr- IEST.
1140 ESIB*XSICXSIFA*A-cA2 BY JSINS XEaTONqS MET40).

34S(SIC):XSIB
-SXSI(2)IXSIC

S(SI(3):XSIF
54SIC*)=A J-IZ4 IS T4E :3Zr-FT. Dr MAP2!'J3 rC%.

C SSI(5):A-92
:3(SI(S)=ESZACr- (AATIO Or S'A:E JF 3..AOEi AT1 UJST17A4 AND C04NSTREAM)

lr(IJ<L.GE.2) GO TO £30
1I:(IF.AG*-r3.0) 33 TO 761

: INATIAL GUJESS w:R SXSI(D) IS--------------
RZAD(59765) SXSI(I),S9SIt2),3SIt(3),SXSI (4),SXSI C5),SxSI (6)
SO TO 160

: I11 IS T-fE CASE t-iAT 3-3 OATA ARE JS7: IT-l ,C-iE) CARDS.
111 :3%TI'djr

Ir(IFLAO1.rQ*0) 60 TO 779

sxSI (5) :SxSI (3)
REA3(5. 779) SXSI (2)o K (3)

778 :OP*A1T(2E14*7)
33 TO £29

719 l-ZA3(IqrEA),£0) SXSLl),SXSI(2),SXS1(32,SKSI4)SS45)SXS1 (6)
620 0OR4AT(6iEl3o6)
S29 3) 621 IC=19LD4
621 REAO(IREADi,622) SARC( ICI ,BETA4( IC)
122 F3RIg~r(M4I.7)

1;21 REA(IREAD9622) SARZ2( IC) ,3 T&kJ2( IC)
1(IF-A3.?3.OC) GO T3 4B'
SO TO 491

4.32 BETAM( IET):.5(ETA4JU3T),8ETA4(IST61))
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431 C3TIlUE
150 1 PI =0

WUITE(69102) ITEftA

30 650 IRP:1,6
850 SxSX3( I R2)SXsI(I1 2,

IF(ITERA.GE.2) STO3L=STOLS

:3ZZVtINdJE
S53? ICS119

iSO AC.5-:S2A CE

,lSPA:=0.5*.:sPA:E

LCPI:1
t:PI=o Oi rIUJINS SXSI(I.), q . SXSI(t)ZYXS(I3' IZDl:1 D THE IEST.
:IL.:J-ATI)4 0- PRESSURE )ISTRI JTl3' tC2?.

;3 35 I1=.9?4
35 ?-E TANOtZS)=9ETAN( IS)

!7 iETAM0(I6)=^ETAM.C2)

3i4 3rTA02(IB) = 3rTA1J2(?)
55 NTI'LJE
JJ2=C3S(A- &1.GA.IiA) /3S(S<3i(5)43AiMA)/SXSICS)

)AMMASO)(ISXSCSDC/)AIAAG1AFLA(SOC:2UJ
JJ22:.JJ2**2
DO 25 -.01,LPl

71N)3 :3'XSt0) N'dXT.
CO r; TthE CIRST 4ETTrCj ARC P)RTION SI --

- 'IS 3ASC) 34 Ji A'4)2'1.
LP=I IS NEAR TH~E T.2C.*

- IS 47-Al T4C: -. ;.
ILctLF.E'..1) GO T3 521

j:(D*Q*~)GO TO 52
32:-x2(XI T'dLP3))

-XIT4dOI) IS CA6.ULATEO 1'4 39SI42 Or 3Xr' ' FOR C()
22.2
CP(LPI :1 -U.;22*,;2
13 TO 522

52 CP(LP):-SI34A
33 TO 522

521 :( P1:Ij..J22
522 CONTINUE
25 z3'JTZNJE
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EUNITNOC 4 3 1

)3,021XP:YtP:X(JEKI(A=)1*-!'LcC

-CA -ISF-) 1 ISK S=02 it
E:APS*.2-) 1(1SXS=91 lx

.02 )'.( CV
)3-MPLCPC:)3(PCY
)5-4PL(PC: )2CPCY

- )7-4qPL(PC:-)1CPCY
)1( ISXSZ),(PCK

I CADSF*.,2*)2 (P CX ) 3CDC
iC&PSF..24) 1 PCX: )?(PCX
E:A3Sr*.7)lISXS--oI(Cx
4.31 OT 06 1.*GE.ARETI~rI

,,. ~INSERT .......*ab.

----- ~ F3 TIE SiC:ND At: S2 -------
%UBROF CONTRC. PCIN.TS ON S2 IS FIXED

-IALT '.F Tril -7)[qT USEDOz B ETA
A'4SS2S IN DC0N = 32.

00 c 614'C2 = : 24
IP(;'.CP*EG.1) 50 TO S~l
V: CNZ2eEl.P4'41) S) TO 682
02 = EXP(ANSG2SCNCP))
22 z 2-

30 To 680

33 TO 680
:32 :22(N:2) = I.-JJ22
690 CON~TINUE

- e b~~b IN~ 'SEkT ...*bb**.. ~. * ***bt C** ........**

Az.:A3S FT4)
I=(AF4.EoSF') SO T: 1135
30 TO 1134.

1135 dITEC6.1136)
1136 -OR41AT(5Xir*F(4) is r33 .ARSE TO CA&.JLATE BETA*)

srO'
- INO XXxCtKSIP) VIRSTe
113'4 C3TIVJL

--STBETA TD ARC: 1--
32 100 LL2 ZlvLP4

:A-- 333ETA(XYXv3ZTAZ S1S2)

31 T NC L P)=:31TA
L : LP.E.*L*4) 97TAS=:ITA
IF'(IT-7qA*-Eo4ST32i) uO TD 130
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9lX96oi9ETAV=*E14o7)

----- -3rTA F~it AIC S2---------------------------

SARC2 HAS BCEE- CALCJ..ATE)
- IN~ SJBRDJrzN: OFSI45 AV3
- STORED IN C044ON AREA*

I~S1S2 z1
33 423 LLOZ19LPNMMI

:A-333CtA CXlX937TA iISlS2)

XXX2C'-O) = XYX

3rTAN2CLP) = ETA

dRITEE69239) LFSAR2(P)Kg2'.P) ,:P2(LP),5CrAI2CL')
259 3RATC9E,*I=*,I3,l~r*SARC2=*,E1E.7, 1X,*XXX22-

329 CONTIVJE
429 C NTIVJE

-. .'. ~ INSERT 2*e*t*****n*t*~e..**..*.*n.

:-** *MI I NSERT 3 * *....n...*..........**t*,*

--- - cRST CL AMC CD V: Sl DARr.
USI SINC)ELTA)

UXE SXSI(4)*UCOO
JX92 UX3**2
:)o ic5 rTK =l1LPM

X3S = -I.#.SPkC_7.CL)ATC1C(I)
S3 TO 108

135S 93S = XK-T*-S 'AZC.F.JAT(lt(-.3K)
103 CONTINUE

JXA X PS-SXSIC4)*JSZZ
U1CL22 UXA**2

2X2 C33/(JXA2+*JE 32)
34) Z GzPX*P/A

COBETI = CCS(SETA4J(IT<2I
SISE-TI zS1'd3f:r&(IT0)
OS1DX = -Exzl(-XIT4(IT<~))*3W)X/UJ22
3 1 IS CALCJLATED Ar J=SI42 AS K11T(1)9

- A40 STORE3 IN C044D'd.
IT(XPS*LT*Oo) OSDX 2-3SK
Ki.PI Z DSIO *CP(IT(I
cLtrTK) z -XLPl&COErTl

93I 2 E..P*1S3E1-
10! CONTI'4JE
--- CL 4N3 CO 3R S2 kt

NS21=4S2*1
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I324=4S2-1

I IS2 SXSL(2)+5A32*C1T<61)
.JXA XRS2-SXSI(4)*JSID
UXA2 JA*
PXXP 2UC:3/(UXA2*UX32)

C3EET2 z-C3S(8ETA42CrTO))
sI3Er2 =-SIN(?ETAN2(!LTK))

32XzEX2(-ANS32S(I.TM) *3J3KJJ22
G2 IS ALREA3Y CALCLLATEO AT 0 r5 1 ,a 5 AS
A4Sa23(I)9 STOIE- 14 :343 &JEA.

X-2zOS2)X*Cz2(T4r)
..2C It<o =-x_02&ca3 r?
Dztiro z A22-13:r-2

35? CZ\%TINLJE

CLIrT C.5'CSPACE:'.(2).O.5.SA:E.LCLPM1)

OZ ill IUAz 29L;11342

ill C30AG CD2 AG+.PACE.Cc:( IJA)4..e)(IUA1).F)(!U&2)) /3.
33 321 1JA -- 19VS2A92
CLIFT =CLICT+0AP2*(c.2IJA)A.FI.2( IUA+1)4cL2(IUA.2))/!.

321 C3RAG = CDIAG.GA02.( )2(IJA) 4A.*F)2(!JA,1)+?CZCIJA.?))/3.
- ---ADCT-tr F3RCES CN C44ITY POIT104S*

S J53DJTIN7 XCYC CA...J.ATES
- r.E 2)r~r ON T1'1Z j2't 3.A _ 33IT13d :qRESP. T) r4E CAVITY END POINdT.

CX A:XC CC
:YAZY:::
CAL-, XCYC( XCCCEYCC39XA9CYA)

Z)A C)RAG-SIGOA*YCZ!:
* ---- XCC 44 Y::C ARE Tir: r-43 231TS Ot CAVITY, CAL:JLATEO 14

SJe13JT'I CAVITY
- STORE3 IN CO'KiNt

-. *****&**4AIN INSERT 3

: rLD 314F IN 2-1.

SINF=0.5*SIN(ALA1SKSI(5)2.GAM4A)/DOWN

AI'J' 23.*5 * Al -3I Nv-0A44A
: :3srAi AN3 ALSrAR ARE 34S7-3 ON VEL.".ITY AT JPSTREkM INFINITY IN (X9Y).

:35TAIXCDIAI
CL4TAi:CLltT
JLN::05*SIRTII..J2Jl.*2,2.&J2JI*:StALAI..XSI(5)3)
vIF2*SPS.CL-lSS()/Ul*O(YI5*AM)
CLI4F:CLSTAR.CS3(A1)CSTA.SIdcA Nc)

IN1F:CLSTAR*SIN C A I-) COSTAR& CO SCA~
:_I1FZ::l4c/uZNff*2
C3I4Fm:DI~vUIff..
I&qITC(g,117) CLINF9C3INF

1147 F~RjiA1rCl X,34NIN- 3q CDl~:::3R:EI1/ 2RC.UIJ:..*2,5K .5ICLINiF:,E1 A?,
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11i 3RITl95H-N IS ISTAINED VRC'4 4Dv E'TUM El~v5HFIVJF=9EI4*7)

;IXTE(b*221)

ALOOCCCLLICOO0

III --OR9ATCIX,54CODD:,E1 ~.7, XSNCCLL:,r'.71J(, '.LD.ql4.7J

:-.**--M.AIN INJSERT 4t.......*lt***.*.**....

- :AVITY SriA?.
- 4L~AAY ::A:J~kT:) IN

SUBRCUTINJE CAVITY.

237 F3RMAT(2X.----C!VITY S-iAP - -- - -
NAV~zNJCAd#1

:0 235 4C&V=1,9NCAVI92
2i! iRITE(6923i) :AVX(K:AV )tCAVY(K:AV

236 FCRIAr(10/, -EI4* s09uf= -.3.7

140CONINUE'

~O 18 IS40195MP1

:ALL SUTE(A737 SARC2(IT~q)EA2(:

814Ir(sq822.) GK9O 1

7S)IA.E..133 T 5

I0(IT4EA3(1)T2 10 TO 7 9

IFCIM.CEo) GO TO 38

I'I4.3...()GO T; 33
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XZ(2)=XZ1) .SACE
XZ(3):KZ(2)+SPACE
XZ(4)=XZ(3) +S2 A:E

3SPA:hcPSkfE

XZ(1):XSETSPACr*FL3&TC 1M-L2K-1)
XZC2)=XZ(11.SPA:E
XZ(3)=XZ2)S*A:
XZ(4)=XZ(3) 'SZACrE
00 55 IK=194

.0 TO 151

3) T3 151

55 9ETAM4(LPMI) :o.5.(sETA&(LPM1).5 -rANc P*) )

50 C34JTINdJE
LO(ITPRA*72:.1) 30 T) 6
3) 41 LE:1,.Pq

4.1 BETAN( IE):-3ETAN(IEC1.(l-XXM4).ETANOCIE)XXMi

f#2 SETAM( IF G) =SETA.M (I FS.C 1.-X YM) +QETAA 0( I FG) *XX4

425 3ETAqJ2(lc3) = 5"Aj2(1U3)(.-XXI)'-ETA02( IFG)*XXt
30 E52 1RJ=196

352 SKS1 (1I.)SKS1(I12) (1.X(' J*K50C I2)-Xt'4
S IT -'A=ITERA+l

SO' TO 16'0
2i 4UTECS929)
29 t2R!AT(5X92fitTERATI0'N wAS TEI' AI'4AED.)

?99 c)+sriYJE
s r ;z
E'40

v 1

40



SJEACUTINE OXCNE~i XST3LMql3S1 9:v

C:. 440 Ycc::,seEA2
COMM04 XIT'q(22(a .X1T'2C:),ANSG2S(23)fl)SARC2(20l)

41I~ CAVX(102) ,AVC izo),32-rA3,3ErAcvxc::N:AJ,-P",Ns2
COM40ON AJ(1I))ISIA13,NCH Y.3TAN~l1'O),5ETAN2(1l0) gETAN2C100)
COP1.4 FLA2AN90ELTA9)SAP94'3A1 ,;A4%ql
C:4404 S13'4A.SBETA, tK1CPISARCO3( 513)

COM40C% PS1ZL~,SARC(;53).SARCOC 51!). LPMDE

COM4C.4 XR~j-% qA2AA ,32399C2::
C2M40J AAAAB355,9:C::,A858,C,:Br;A.js(iK.) ,d3AjS(lCQ)CGAUS
PA :3*14 1532653

212 CONT1'JE

SIfiz2.*DG

SI llX ( 2)#2 .*:)G
I!(X(3) .Lr*sIll) K C 33:3ll

I15:(s0G.5*AsA) CL.G.SIS
i3 r) 79

78 I=(A8S(xC!)).GT.SI5) xCS)=-S15
13 :D.%rI'JE

UZ CX(6)...r.0.) WRTrE(i.112!)
33 6 LIJ:196

5iJIV(9i)I1X(L.

00 20 IK:196
20 YXSCIK)=X(I<)

<(TAL = 1

SUBROUTINE F11NTL CAi..JLAT5S THE i'JrrGRALS IN FC1.*
<^T~kL 22
CALL rIINYL CYP4T291ZTRL)
I(CT4L = 3

CS1:ALaG.C6aSCYXSE5)*3AM~iA)/:SALA13AM4A)*YXSC6))

1 fVI lIT 'f'PA -YVX S C5))
kTX4Y93T4IY,2TldVTNIY )0796( ErZAJ )l.3C.JlC F!

41



V ItJ*Ea3.l) :-(l) l
L: (IJ*E3*2) 70 TO 3
V: tJ*E^*3) 30 TO 4
LC (IJ*EG*4) 7v To 320
IC (IJ*ES.5) G: T) 321
12 (!JoEQea) 30 T') 522

LC(I*E2.i) a T3 3222

P(1*5) zTA'(YXSC5).3SAMMA)*YI4T3/zA1 -1.
LJz 2
YXS(1) =X(1)*OELTC1,1)
i) to 5

Ij=3

30 TC 5

Ij
YASC1) X~i)
YYS(2) X(12)+DOrLT(192)
;) ro 5

320 cl C
fxSC2) = 9C2)-OZLTC192)

321 -l z0 C
Ptl,2) (=lP-F13.)/(2.*DELT(1,2))

fxs(2) ((2)
YXSC3) 2Y(3)*DELTC1,3)

13 TO
322 11 _- -C

YXKSc 3)=XC3) -0 LT (1q!)

S o 1419

1.) = 7
33C CONTINUE

- ,)AU4A3*)5(SYY(S0C/)Avl A;,1ArLA(SCCCGCLA 2XKKX

xx Yxst,)&sIN(OrrA) *
y 2 YXS('4),CO3S(,..T%)

7V12:yy1..2

X44 0.

X03 331;j ZZ 19

xRRI44I3) 2SOL'4R

x~fl (41r.) 2SOL414

XM2 M lI1%

SPM 2 '9'lI(MIQ)/PAI
1V (11I!*Ele) XKtAA 2 :3N1*Xlft1(41))
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I- (MI~G.E..4) V4 -K'4M!IC(1D
) 4, I=I q)I(I RP)(C ) 179 6( ET 14& ) 7.Gr..JI ( F!
)4912-Io)1(1qqX( )279i( ETI~b )7*.EC.JI( F!

))~7%--(q---4 )3(F 019A )2(: FO 491zI,)1ClRRA- -- * ,XV ItTAMR CF 17
- ~ )?,741~C.*--U&)3(F 34dA )2(: FO 4,I:jq)1IM'IX---.,X~1(TAARC' 27

XAR 2 XR.ERRR

551 CO'dTIVUE
:---CALCU.ATI03. OF 41(ZrTAJ) -------

93131 2 E(1*10

XSI'IF 2 XI-YXSt3)

XSv = xx-YXSC2)
X3122 ,rsIpX..2

X!Q2 KSI490*2

AS14C2 2 S14:*2
2R SGRT(xSIP12+YY12)

RAB =S!RTxSIMB2*Y vIZ)

34 SAT(XSI'c2+YV12)

TllA ATA'i(YYI/K(Sj~j)

1- (XSIP1.LE.O.) TtHLA :PAI+TlIA
T413 = ArA~cyyi/xsl'qi)
10 (XSIMB.LEo) Tm13 = PA10TA13

T4 2 ATACYY1/XSII-)
I- (XS1'!F*.f.O.) T-41: CA9TI
t-413 z ArAityV1,Ks1l:)
I-T (XSIMC..Eel.) T11) = zAls-rii)

RR GRTPRRA*RR9*li:/RD
rir .5*(T'IA+Tilg.rii:-rqt3)

COTH1 COS(TIIITI)
£17T- 1 SIWATrUI)
c2CO 2 *(RRC)ll 711ST~) AL: Al
=3C: RR1.CXiR-1 Til+K44*:OTl1)*XK(

I: (IJ.EQ.7) c23) = -2ZO

12- (iJ..3;*) 3o r) 54n
I- CIJ.EC*9) GO TO 341
U IZ E.0 30 TO 3-42
i? I.C.1 SO TO 3-43
IV (IJ@E.*12) 7a T 0 344
IV CIJ.E~d.L3) G3 T) 345
IV (IJeEG*14) 30 TO 346
11 (lJoE315) G3 To 347

T 2G TA.(YXSSC)+S3&lA)

P(295) = -ii&TA23.X:XS

P(395) 2 -Rq~i'TA2S*ESEV
3(395) 2(3v5)/*Ai~rA25

P(296) 2 R1*XCXS/(*AI*YXS(S))
20965) 141*XSXCf(2kIYXS( G))1 *IV(S (6)

li2q

YXS~lI 2t(l)+DELT(192)

13 TO 330
3 C 202 2 2C)
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iz To 33a

fxS(2) = ((2).DE-t(292)
LU 10,
:23 to 330

Y4StZ) 0 (2)-C.T22

IJ2 1230

I'(32)
VS(z)13

s:z To 33o
344. 2(29.',

LJ13
j: TO 330

YYS14) = X(4).2.-T(Zq4)

Li= 1!
52 T,2 33C

P~ (3.4)
YX(4)= S4

l)3 CALL OFSI!4 2( ANS2)
C T: ~7

; C T:2 13
15 (I.E.G.17) GC T: i14

1(3fJ*EG.21) GC TI 516

i(,.J*Eo2) S &C 121
lv(J*EG*2) GO TO i22

V5 IIJ*EG*261) GO TI 62!
V
5 

(IJ*EQo2!2) 33T 26
113 ASSP:NS2
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;TO 199

YES( 1)=:l)
;o to 199

YXS( 212K(2) *DELT( 4,2) *AS S(*C2))
S3 T" 199

S11 A'JS;PZAIS2

02 TO 139

YS(21=1(2)

S3 T2 li9
jl7 A'J5!P:ANS2

5) Z 199
i13 A'NS13zA%S2

i.J:23

10 TO 199
621 £AAAS2

oo To lig
i 2 A4iB:AIS2

YTXS4)=X(4)

!.J=25
YXS(5) :X(3)*OELTc4q,-)
30 r: 199

so TQ 1 9
i?4 345A042

YX SI 51:115)
C : =
VIstS) 2 X(5)

1J 2 2s1
YXS(6i) = X(S) *Or-LT4*6)
i) TO 199

'25 914A zAsdS2
Ylt : -1(5) -E(41

1 J=262
SO o Ta i9

i)i 3'49 A'4S2
049)Z (Y&A.2 N3)/( 2.*OELT(4,5))

YIS(6) : i1s)
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rt! AND T(6)
F IST C A..Cu.ATE TiE PiYSICA.. IIDROINArES

: TIIS SJ3R3UTIN4E OINOS Ti2- ENOI 2)INT -AVITY.
IJ=27

315 CALL CAVITY (CC-N:9YICNI0)
:r4r'N FIN3 S2- N~E AR: rW- 3: T~ SrEIINO WETTE) 2ORTION.
: AL.L SJSR3UTI'dE AR-CS2 TO THIS PJft113E.

12 CIJ@EG*27) YFREEI:zl^E'40

) 6,1=Is)ICSXY(934EIX9JI )035,96(ETIRW
) )5.2lEX2C695,5521rtX' 3IXl(TA4RC-- 035

CALL ARCS2 (S29XCEN3,YCENO)
r()y-i-u:rO(:-)= TO Br- SATISFIEO*

IS 112=3

41ITEC6533) CJS.J'E

53! r ITMATCEX,.XCEN:=.,E12.5,5IX. S2=.,E12.5q5X.*YJPzE(:-.El2 .5)
I: ~~J*C.~? 51S2=S2

UCI.EIZT)GO TO 2-1
30 TO 521

L: (I.. :2)G TO i22
I~ I~JEG. G TO 323

L(IJ.EG.!1) G.' TO i?4
IT (IJ*EG*32) GO TC 325
IT (IJ.E;.33) GI TO S24
IT CXJ.EG.34) GO TI B27
I?(1J.EGt.3k1) GO TO 33'
IT (IJo7-.35) 3Z TI 32;
IT (IJ.EG*!S) GI TO 529
IT (IJ.erG.37) GI tI S32
I- (IJ.EG.3S) GO TO 33

520 -(5) z(2AI5

li 28

33 TO 815
521 AND~ ANS5-S2

h~o YCE'dI - YuppFU
IJ 29

S3 TO B15
5-22 2(591) =I (~5S)~.Ii(q)

A Vw C-T'N-YJ~o0E
?(--91) =(A'd0S * -~)~2.).T5
YXS(1) = Xl)
YXS5(2) = g(2)+O-'-t(5v2)A3S(X( 2))

3i= 0
;0 TO 915

323 A42 A'dSS-S2
ANPS SYCE40IYUPOERi

YxS(2) = (2)-DELrts,2)*ASS(x(2))
l -31

;j TO 815
324 P(592) z-(ANP-(A'IS-S2))/(2*Ir-LTC5,2).A9S(X(2)))

ks;6 YCErNDy.jppr
3492 (44~5-2 &4)5)IC2.IE-T(5*2)*A8S(W(2)))

YXS(2) x(2)
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14 = 52
YXS(3) = : )0L(9)x3
13 TD 815

325 &4 : ANS5-S2
AP Y---40- Y4OPri

14 = 3 3
:to 315

S26 P(503) = -(ANP-(hAdS5-S2),/I2..DrLT(5,3).Xt3))

P(i.93) (ANPS-
ii = 3

YXS(4) :X(4)*Cr1LT(A5y4).A3S(X("&))
;J Ta 815

927 A~r : AS5-SZ
A41 C>) -* ,~

LJ=341

S!C COTIijrC
2(5,'4) = -(AND-(ANS5-s2))/E2..O:-LT(5,4)-ABs(X(4)

YX(S(') = (4
YXS(5) = (5)+GELT(=5,5)

34 TO 15

3 2 9 % ANiS2S-S2
AIS YC--i43-YLPFER

G TC E15

AN6=YCr'J - Y0-
P(595) = (A'IP6 ~S,2.~t,)
rXS(5)=Xg5)

14: 37
SZ TO ol

z,'2443 AS2S - SZ

34:6 ' cN: yu7Q

33P( 59~ : -(A42 -(A435

YXS(6) = (S

di Irrc 6251) BI S29( :::,Y:::
Z51 rORMAT( 20X(9 .91S2:*, F10.5,2( .*XI'C:. ,g1j,5,2X. 'YCC=',FC.5

3Z 253 ICV=114~C1(VI*2
113 WITE(59252) :AVXC 143 .:A~VYC:V)

3) 125 ZT%:-1,3
129 41IrE( ,131) IT99,cif()

47



31. 132 IU3=19i
U.(ITERA..E.3) -0 r) 355

152 tiITE(S, 133) I U~qIJPI UP, IUQ)
133 c3R4Ar(1x,24iP(,I1,1i,,11,2I3 :,E14.71
si5 C3'4li'jE

:ALL 3E TEq9 CP,69DET3 3)

00 26 -.PGz146

I:(IDET.Er2.2) DEL:=)rTE/OEr30

(AIOET .-- 1.4 ) DEL'-rz:T--/D T

I r (1---T.r-;.E- DELG: 3ETE/DETBO

2! CONTINUE

K(S) = K(s) *E.

00 60 ..MN=1,6

A 3SZ A 3S ()'-LC/ X( 2)

AaSF=A=S(QELF/X(5) 3
A3S! B(E-/.)

1U(AESB.LT.ST)6) <E[)=l
lU(458,:.GT.STL) K7 :=C 1
U:(ABSZ. T.STOL) <El J:1

I:(ABSr.GT.ST0L) (El )=G~
I-- (A331.3T.ST%.) <I:
Ir(<EI^O.E;.l3 GO TO 35

W;ITE(5942) I
42 C)RAr( 20Xvl4f!Tr4ATI. N 3 12)

SO TO 55
55 I U(1 .:'3M) 3O T3 3 6

rG: TO 38
56 vd :E(6937)
57 03R'AT(1~v34H0YrNE. 310 NOT CONVEIG7E cITHIN 1'?)

1U4X(3) *LT.S1113 (1)=SI11

IrCY(43 *TeS163 X(43:S16
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SI 5= 5-PAI-GAMMA) IL. -2 .2)

114 45).LT.SI5) 3C) TO iS

33 TC 82

32 C:)NTIUE
i:- cxcs).-:*o.) iiir-(6*1122)

1112 rZP.4AT4t2X. ---- (() E:A' Lr.3 THAN Z7D -.
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S.LaRMTINE 0FSI41(AV~i:F#X^A)

lom'40% YC:^ZtSEETA2
C34404 XIrI(20o),KIric2oo),&iSs;2S(23C) SARC2(203)

: cvCAVXtI133 ,CAVYCIOD) 3T BT~XC~hAsPA'

COMM04 S ~I 4& 6 tIAiX 9 &C O1 3!
: 7AAo I lj # X& 9X9X ~~s-29YsY J IGqL S S9MLoS
COM'lOI XS' (S),CCC1,. -'ER ;YY-YX~,ittASXSIO(6) ,SYSIC (63iY)(SC6

zO'Y'iCV 4ETA4(513),5CT&Mt513) ,1JLP(,XIIC2OC) 4 4JJ(2OO),X2X

\3- CALLE0 fR) F1I'JT.

xlU z I~IO C4Zr Tl) R44 3 AT

~~:5 T:tla 9

S3 TO 12

12 CD %I14JE
Z:(IT7UA*72.1) 30 T", 2Z2
13 TO 223

222 2) 224 !L z t1

224 BrTAN(ILK) = SEETA
223 :3vTIVJ7

CSPACE z l+S:))r3T.<

3E ETAIJ(2)

XIzXST(4).SI,rr.1)
YY sT(41*:S(:.TA)

YY12 = ~Y1i*2
PLM = Sll -XX1

PL'AA Z PL%!2+YYIZ

2YSI z YY1'1L4&
lreJOT.E3.1 :3: F3.ZXSR

SPA:E = CSPACE
I cI.3C..PC) SO 72 3
*S12 z
XS13 zX5124SPACE
32 TO 31

3C Sz&CE = : 2:
*5S12:2 KB.+SAEc.3Ar(I--'K1)

so



XS15 Z XSI2OS2ACE
51 9r2 3ET&4(1*1)

AP2 (XMSI2-XST(2) )/(CXS121.).CXST( 1)-XS12).(XSIZ-XST(32)))

A22S =SGiT(AP2)
A?3s = sair(AP3)

Z2 3E2*A22S

04A 2 KS12-XX1
MA22 H A2-*2
43a = 122+YY12
ri C R2 = MA2110
q:12 = S ll
4A3 Z SI3-XX1
HA22 = A3*-2
1)=-iA32*YY12
NCR3 PA-S

IC3 YY1/-IO

Iz('%OEG.2) F3 :1-11
Ir CI3rel.3) = 5

Ig(NOP.EC.3) F3 Z r3/(XS13-XCA)
rSI (Fl1.*F.2+:3)*S2ACr,-3.

AIJSA = ANSA+CSU'
1 )NrIIJE

ANTJ = EETANC1 )*2.S.TCSzAC-r)*Sw~lfS2
AWT = ETA(L3q).2.*S~iTT(?PA:zC)*S 3/S~i2

A~iA2 =A--
421-3 z XSCI)-XxI
ARLS2 = DBS

~~W A= %qrJT.Az-A/C4
5 .. A2+YYJZ)

IT (NO.E..l) ANT2 = ANT2*A-L9/(APL32.YY12)
V~ (W*~E2*2 ) ANTi : A4T1.fYl/(A2..A2+YY12)
17 ('Jr.E .2) A0T2 :AvT2*yY~l(APIL32+YY12)

1s IN':.r2.3) ANT?: z AT2/CST(l)-K:A)
44S z AN*SA#AITI*ANr2
17TJR4
E4D



SJBIDJTLN-T 3FS142CA4S2)

:3440 YCC:.s3,rrA2
C 3P'M ON XITM(200) ,X~q(2aO),ANS52S(CO),SARC2(200)
':A0 :AiX(1A0) ,AJY( 100),iErA~s3Et&CKCCC,Ai. 0 44,'S2

C34C FLA-3AN*DELTA, )3AP9ALTAls5A4'i

CO M40O4 I DJLgXAoX99 ,TANG9E*YCg Y~,JBI GSoXL2 3S I S9GS9SPALS9CSS

COMMON PSIZqLPqSARC( 513),SARCO(5l3),L3i.OE

:340 XR3JJ3,A2&& ,33qC2::
COM404 AAAAEBB5,CC::,AS,38,CS936,tTAJSc100) ,~ajSC10).%GAUS
2a 13 1$:1,,

13 XST( IE)=YXS(I6)

)AM4A;*)5CTsx(S)C/)AMiAj*1AFLA(SOC!2UJ

CSPACZ:(1.. XSTc1) )/rDAT(-2'<)

TSPa:EChS 2ACEv0T-MLK

x93E= 1)-SPA:E*CZT-K1

S(3) T(1) -XST(AC D-

3

3G3 TO 7

lC;o.K)30 TO 30

XI()KT()SAr*-A(2

X(3)=9()-SP52



6 1'(I*El*2) XIrMfLa4-IP+1)zX1 TCI)

5 CONTIlUE

- =XI? Xi() S AO YSPSIEE

7,=sz 4*3

9 :)NTI14JE

I= ISJT1G AT-4Y POSITIVE.
XI~ ~~G T:)) 23X(,I~~&

3.1 ; 2

T353



SJEIOJrzI-7 )v3xI43(Y9((I1 *391J,
DIMtNISION xST(6)v--X-.S( 130)q ,A(20C)
:D2lui YC:^,SB7ETA2
CO!i~l XIT!4200) ,XITV(2C2~) A4S32S(251) SARC2(200)

C2440' VLAaAN93ELTA, 33AP9AL?-A195A4M%

:3140 XS ~rac::1,:: ,cER:,Y, gITlr~ASSI(6),SXS1OZ(6),YXS (6)
COMOC4 PSIZL 9SARC( 313) ,SARC3(513), LO4,E

:34404 XR3Ud09A2AAv3233, C2C:

z3~JI i4TE3iA..S t) i s:i-r: i~r xi is 03r%1xvE.
- %\T- T IAT 2R1V1DUSLY 3'4LY :)\i S!I'-.AR 14Tt-GRA J~AS
* %:-kE P* s:AS:i) AN CAS A )E.

SEE T-iE %: Tr D T: 3)~ 3 = cOR JR 1 14T r-RA LS CJ T 0 O I -

33 TO 12
9 3 13 JT.J=1,6

13 XST(JTJ) =vXS JTJ)
12 PAI=3.141592653
---- 1RS 11-- - -

IT CIT--RA.r3.1) SO T3 60

50 CONTINUE
32 S2 IZU z19LPM
9-ETAN(IZU) zS~rTA
a91T~mlzU) =S1.7TA

il :3o4r14JE

IC SP AC C. C SP ACE

4r~s2A::o .5*2sph:E

A36 = 32'ct(XST(3)-t)/CXST(2)-Y))
A53 = A83*AC6

IJ3=1

3SEC:brTAN( 1J3)
1 1 1 .:-2 2 3EC:BsrA4(1J2)
OAA:'C/A33

02 1 1.= .- 4
S2 A:E=:SP&:E

;)TO 46
45 SOACE:-FSPA:E

ES(:X3ET* 32A:r.*F..OAr(I4-LA<)
46 1(.Q. O3 TO 5
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V(1.4.EG&IJ3) S T) I

-SA1 =SGRTC(XtST(S)-xS<)/(XST(2)-KS<)I

1 :34ri~jr-

X32=4PI#C3'IACZ

FS1:8--TA~tl)/ S2.RT(tl.*Xol)*(XST(l)-XP1) 3

=3:brTA4(-2P1-1)/ 3
CSA1 =
rSA2 = SRTt X~ST(2)-32)/(XST(3)-x'2))

FSA4 ZSQRT4 CXST(2).x34)/(XST(33-V, *))
TI rSI*ZSAl

CS! C36CSAS
rS S3.CSA3

crP3=(FS3-=AA)/ (XP3-Y)*

5: T3 22

S3 TO 30
51 zTOZ2..ETAN(LK)-ETAN(L<1

;ZA=X3-T- 5PA~r
r.:BrT'/SIT(1.*X3).CXSTC1)-XCA)I

SQJdL ( sq(EST(2)-3t2A)/(XSTC33EK3S))

.0 TZo 30
2,

S3A:E=::S*A:r
00 15 JA:?,LPsq3,2
lr2 JA*;E.-*4 3P:-:P~

<J=39
L3 MAZ !-5
I: C1U3*SC...PMA) XKI=31.

N'cv:r4FSPA:/XKI
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)) 2D2 LTI:1,CJ92
'T 1=FT 3

ljl=FJ3

X-4 3--X142.
X2-1. .4: SPA:-4iF1-=-AT ( IT4)

X T3:XT2-mzti

3rTA3=9ET&2*9CY

aETT3:bET-T2-83Z

?S3=6S-TT~/SlAT( i.* '45(XT) * u-XT4s

?3S2A Sr.4T( (XSTt2)-XM2)/CXST(3) -X4 ))
r334 siirtCxsr(2).(dZ)/EKST(!)-fA3) 3
=42A SGRT( (XSTC2)-XTZ)/CXST( 3)-ViT2))

-SZ = .S2.:S2A
Sl=:S3*rS3A
z4 2*V2A

-V3 V3*gV3A
J2: C32-zAA3/ x42-f)

-T3: (cV3:=AA 3, (K3-f

XA4A =S21rc(EXST(2)- ST(11) )CXSrt3)-XST(l) ))
XA4 Z AA*XA4A

X4A SGRTC (XST(2)#1.)/(NST(3)':.))

XI1=XI1.xAl

io ro 3E

X1"sXST(l) -G!*4VS*A:

FT3=0.5*(3?-TA4(1)rT&4 4)43 S2R( TCCX1..'CST5).tEST()-x33

cT2A :S.;RT4 CXST(2)-XR.2)/CXST(3)-XR2))
-r34 S21t( (XST(2)-(R33/CvST(3)-xq33))
vr4A =SGRTC (KST(2)-XR4)/CXSTC3)-XRi))
cTl z rTlecITA
rr2 = T2ct2A
fT3 z rT3&rT3A
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KIjA szirt(XST(2)01J/(ASTC 31#1.) )
XIS XI6*XIBA
xi1:x11.xl3
XI=(XI*XI1.X123*XI4)*AB3/d'AI

XXKI1.xI
56 CONTIN~UE

--- ~---- 12 --- - - -
------ IF Y IS LESS T4A'J ZE--R TIIS 1S A

-- ~~JLA IlTEGAAL9 4IL-E Y .*,C. 09 T41S IS A
- --- SINGULAR I.NTE3RALo

- JI TlIl IS TEE AS a S14GJ-AR 14TEGRAL UNYiAY
I SI:=5
X:A=Y

Xv I2=SR

Xx:2=XXI2A3*6;Ai-

:.--13 ----------
J 3 - Ci-rifSiEr-AUSS lJA31ATJitr.
AJI) ARE A .it:rA)Y CI..:LLATE) I,; SJIOUTINE7 rINTL
AIDa PASSE5 )IdTO HrE-f 3Y C0410 STr~r:MET.
XX13 2 0.

3C9 = (XSTC2)-tSTCZ)*.

A32 C9p:S.1.)/CM55
A32 Z(-E2'5+XST(3))f'l5
03 12.0 laJA z 1,N:43Y
HAI = .-AJ(ISJ10
-iA2 Z A(S~~3)CA2AUJ)
SIA2 : s~irt(i&2)
=313 z -AI/SHA2

3AI3 =Cl~3-AJCZSUl4Ib32C5-Y
120 XXI3 =XXI3+.3131i-3%L3

JJ2? COS(ALFA1*:;AIA) /CDSCY3T(5) .3A"'A)/XST(6)
IiX3 Z CCCI-ALOGfUU22)t=Al
XXI3 = XXI3*A33'tX3

- -l-----------

- JSE CALBYS-1iEV-GAUSS !ADhAI7JRrE ' IJLA-
-- - - -ET.2) 44 A-474)Y :4-ZLLATED IN

SJF;jTl.'E TlINTL A'd2 PASSE) :NTC -frERE 9Y
:D'l4O, STATEMENT.
VOC5 = (XST(3)+XSTCZ))*.

24^ XST(3)-XSTI2))*..

A42 = FC-STI)cC
4(14 ce
03 130 ISPI z 1,N-14Y

RA =3rN(5q.& )~l~JlJ
RB (AJ(lSU4)+A41)'(AJ(ISJr')+A42)

S Ss Q rCR3xl
A: A2 S8

2jX rMCS*AJCISU9)*r2C5-Y
130 EK14 XxLq + R:Y~l'(

XX14 zXXlA.PhI/NcNq~Y
XXI'.2 -XX14*Aei3A0
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wR3=(cT3:&AA)j 1XR3-f)

Vi I 21 &
x412=42.
4J=21

.314=241

X3:KI2.GE.3MS 2=i-

sETY3TA2:Bss.ErY*LzAT 4C i; ))X 1

3LS21:C5S1-A")3ETLA(l))

J1:c. ~( 142)* xr1-2)
4J1=0. ~iT IX3)CxT:-~f
00 29 SIr(CKS2,-2)vS 3)C1
.cA llCS(2-31/CSC!-31

EQ11 F..1*JA

X.2T21zI+Sj S FRT( Cl *.K )SC)-
X 3!ir 3 1=K2T 1l.! -152tC ); 1

cJ3A SZTA1/ CSGRT()-C3) -(fSTc)- () )

FJI1=zrTAGj/ SGRT6).TUCL3lCA32C(StCX1)))
rXIAA sirT( CXST2)-xSTC) I/CST(3)KS1))
fr.I3A = CIA (S(2-xlKIAA!)x~)

= FJ2*FJ58



2zITIR&I

~I,,l~t,!XX,2X~.IXJ( S5,'(CT!. 2 l

I. 'I ,XX9 31x,2Al~ ItI J91)5596 ( Er I. !T R. .1i.34 # 1 QE. JIC F!
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SJ34O.JTINr- )9SI45(AqS5)

C:1104 YCZ...S8CTA2
:414 xiric2cooKiriczoooA4S32S(211 ,SAiC2(203)

~'O~CAVxL x0a),:AVY( 110),SETA3,BETACXCCCN'AVLFIMNS2

AC.0I S(ij),cCI, :,3*RZ-vYzMrkNP&,SXS1Of 5l3) ,SXSIC2),YXS

: 440 SlINiSELTA3 4!P~SRO)53

$01O~i4. *,.1 .

PAi145 I =(S3oI1A4A15 9A(SCZ 35%

11 12 19iS2
1 X TCI ) YS2(A.(L2-1

qS7 S4U32 i-A -:~ F4

NS21 = PkS21
432A = NS2-.S2) 2 AI

U (2.i1 I*

).1 dIS2Ez..'iS2l t

xKC 2 xS2,AJ 2,)E

XvS2 XAwuAS G .T-K

V CR(S2~) S)2
tO 2ME.S1 0T

A- 2 CXS2xS3tcI.S13)

E1S2S--X(IS)ALG2)T14!S'~U2

13 TO 2

S2-(:reJS2) z DOOX/f.rJJ2 3'A
£AiS32S,.S2).i:0. hi(1*l~A/U2

2 CONTI'4JE
S2sq(1) = 0.
')L 10 JS2 =I9NS2Aq?

10 S2siR(JS2*2) =S2Si(JS2)
1.(S2KER(S2).,.*S2Kr-iJs2*1,.S2(R~CJS22))*S23A /I3.
1T1lJ.4E.Z7) Gr. TO 43o
ski:2(11)
00 50 ISARC=2.NS292

50 S2SI CISARA ) .5.(S2S ( ISARC-1) *S2SI (ISAR41 ) )
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30 SARC2(LAiZ)=S2SRC z Ai:)
#0 c~vTIvUC

AI S SSRNS21)
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M 1101~ tC::,S3ETA2

C3MIO04 :AVxC100) ,AVY(100),3CTA,93TACXCCCNAVLPM MqNS2

:)4404'd LA'&N,2'-LTA, 2APALA13Ai'

CCMM4O.4 XSNCS6)9CCCI1, ,-ERCaVYYqi(M.1T--R~,SXSIO(6) ,SXSIaOfA),YXS(6)
:3440V 3S1ZL2,SA;LCC513) ,SAiCD(5-1!),L 0,OE
COMMOi 5ETAN(513),87TAM(51!) ,IJL,~XllC20,)vJJ(20),X' X
C)'1404 XR3JlZ, A2AA,3 233. C2::
:344ON AAA~g,3333,:::A5,33,C3,3D T3AUSC 103) ,. AUSt100),' SAUS
a: 1 10% 19i

Xx ST(4)SN(E-..A)

YY12 Yyl..2
0 -) li N
1 !4 CAVITY ) OFSIM!5 -- c5) ANO IN IAVITY.
2 :A-L..3 R l 14 CO; =(11

SR:C.

3IXSTC1)*.5T(2

3-4l=:ii-XSr C )

31 3=514;7/31
PCISIC.NC.3 O 720

03 7 !SUM=1.N:Hay

SA8=3jRT(AAI3)
SAC=Bi. soaRT 1.-AJI ISJ4) -'2) VSAA
XSI =31-AJ (I SJM) .3r

I (E SL ' *.2 2) RdIF:1 .

SR=SIR4SAS*;tIR

PAI:3.141592654
SR=SR*PAI/C43Y
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1IIENSLONt (STC6) ,1J3(lCD)
COHs4CN YCCCqSBCTA2j
CJM40 XlI(2000 ,AITqC21l ,AV3S2Sc2)0) ,SARC2C200)
CO!AMO'J CAVXt10O),:A YC 1O)q9rA9,3ErACqXC~N:Av,=P"MNS2

CZ"4OqJ LA2A'4,OELTA, 31 A-A.v AI91

COO' 0 12J...XA 3Xvt A%:; -iYC9Yi 9 J I S 99L..3 1 )S,31GSS4,.S 9OSS
CDM404 XS4(6),CCr1:LE,ERCoYYYtXMITERAgsxsIO(6) .SXSIOO( A),YXS (6)
C04434 2SlZL?,SARC( 513)tS~kC2(5l3) L''4,DE
C40d BETA4513),9:-TA9(513)tJLD(,~rI(20O) ,sJJ(200),X
C 2 1401 xRZJ'4DwA 2AA, 32i39 C:''*

SJSROJ1T -- l1l~iZL :JL. AT 73 T-E I Vr-KA LS zt (1)

LS r4A R2 1 FO ROUN)I-D L.E.ZO1LS.
L-- :CL-s ~~r~jd .r., :1-7YS'f7--SAUSS

- JADRATUE
2JA)RATUr( t 1L z' C i S2 SINCE BETA

is Nort A 312jri zj,:Tt2*.

'JCHY =NJ49ER OF Cr3YSIZV-SAUSS !JAflATiJr OIqTRC. POINTS.
241 = S14159?654
1Yc(ICPI.E!.3) G0 TO 9

70 XST(1 ) =XSN(13)j
13 TO 12

9 3) 11 11= e

11 XST(I4) = YXS(I-I)

5 DN1 z (XST(2.)+1.)*.

A I (ODi2-XST(2))/2'il

A12 2) ,%-ST () )
?1:S (9C5.1)Xq35)-

A32 =(-z~xIXSTtD)'C"95
~ZA5 =(XST(3)-XST(2))-.5

r:5 XST(3)+ySTC2))..5

SP&CE2 z (XSTCj)-xsr(2))/'"
RE~A) -?" FIR TIE 37:: 44:o

IA(CTRL.3E-.2) 30 To 1os

LV(IJ.SEr.2) G2 TO 110

XChCK - 1.
S2,%^Ec'.SPA:r
00 2C ICriSY:1,NCHBY

lr4ITE-iAo.-i1) 30 T) 433
22 I-CXC'1CK.3Er.X<SI) 53 TO 21
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O T' 22
(,sl ExiSTS ar. %su~nANO XSICI34I
21 :DT1I.jE_

13MA -_ 01-1

~X-KI-XC*4:K)lSPAZE
23A1 1 JS'D ;)R zl'l vz4-3AUJ5 IqSTEAD 0- BETAN.

j) TC 2.^

3-r4 3 ITElk.--3.1 IS L4:~: 1d311
20 CONT14JE

~: ~ 3 TO
I- GOr~~..2 T) 3

C) I..' ISJ4 9 -'?
43: CJCSJ'!.All)/CAJ(ISJ'A) A1Z)

l, TC 1 C 0
1: ZD%TI'NJr

XZA 0.
:ALL 30SI'41 CY1NTqNC~, JCA)
N:A IS DJAY D'4LY Ji;3 FOR -(5) I')'N6
3) TO 100v

z C'NTI4NUE

A is A
X IS DC:2y

:ALL I C2 (SnSMqXCA. ISIC)
TI 4iT=S4
53' TO 1000

3 :3NTI'NUE
-1'J13~D. 231 13.

A.J(4)- IS ^ALCJLATEO) 442 STORE,
YI,%T =3.
02 120 I .JO ,NV

Sl,5 $.TCA82)
43 Al/S2A32

123 YINT YINT.+ABC
Yr YIIT*PAI/.%0-iB

SI CE 3ETA('N) BT9%4 t:t A.43 tFt AR
EXPECTEO TO 8-5 ALWAYS SM~OOT49 JSE GAUSS-

JSE A CONSTANT FO 39ETA'%2*

~3TZ 131

iBETA2 M.JST Br R5AO FO TtEr CIIST RUN.

64



130 BSTAN2 (1:48Y) =S3E8TA2

00 2185 IJS2.1 S

115 BETAN(I,)C)=SeETA2

150 CONN4UE
1=(~j.E.2 G: TO 131

x-.C(zxSrc2)

XKSI FCAS*AJCICIEY34cC15

x.IF4CK* xCK-S-A:--2

S2 TO 152

I:4MA = I41-1
S5TAN%2(IC$8EY) = 2:-TAN2(IO~t1)

X<SI = CA5*AJ(IL )+FC15
4RITE(69250) ILL9,33TA12C I..4)9,(S1

131 CONT1INUE

01 190 ISJO 1PC-3

43 -- LJ(1SUki)*&4j)*(CAJ(ISJY.)+A?)
s2,A32 siSir(432)

I3 Y'r '1111 + A311)AB2
YINT YI'dT.PAI/N:13Y
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SJ910JTINC- CAVITY (('::,YCc)
: N~IS SU9ROUTIVE IS CALL-~ FROM )Xir FOR r(S).

2iim-NSICN :&VXX(12O)sAVY.Y(10O
Z13443 YC0CtS3ET4?
COMMiO' X1T4(200) ,CIT'(2OO),ANS:;2SC2OO),SARC2(2O )

COMMON AJClOO),ISrA3,NCH9yBTANC1OO)BTA4i2( LO),3ETA4J2(100)

C3'404 S13ASB-rTA,((qICPI3&COO( 513)
C a 44ON I DJL.. )AXBXtTANGraVC.Y qJ9IGSXL31IS!!GSSmLSOSS

CO'MO'4 aS1ZL-,SARC(513).S~iC)(!13), LPM.DE

C O.4IMON XROJ 43 9A244 q 2399 C2C:

: x:C:- IS TAE CAVITY ENO 'orIlT :ACJ-ATrD Iv SUB. Z:41Tf .
S:4 SGiTC.+SISMA)

SOE. $I%''tL.TA)
2 3.141592654

0O 1 -OA 1*6
1 A~r(.0&) fxsc-340)

4:AV:30
N:AV1=4CAVt1

(XsrC2)-XSTAI))/N:Av
LrAiE T-4E L.AST DOINr OF XSI 0SII:7 THERE IS

SIIdSJLft.ITY TOR SI.NJO..E S3IlA- 431TEX kMOOCrL.
00 2 l(L.M 1,9JCAV1
X:A =KSf(1) *;AVS. ((-I-)
RZAL ZART 39 14EGA =3-TA# 3AL.

I : Ci(LM.Eli.1) GO TOt 3
i:(~.L~. ~ s,. r) 13l

----LCI(XSI) :ALCULATIOig :AL-II3 OCS141.
I (1.J.GE.34) 50 TO 75

A'4S IS A 3j..JTIOI -)i IC1(9ZL), X A IS 107:'rL:&- WC XAA.

.;3 rO 76
75 AIS =ANSI1(KL.M)
76 CONTI'SJE

IC2CXSI) :ALCJLATION.
i:CIJ*!E:.34) 33 TO 17
ISIC = 1
CALL IC2ASS, SMsXCA, I)
)I..f 31 13 JTI.IZO-- S3 IS --3 R4I9T.
12 (IJaEQ.27) SR12((..4) SR
7,a To 7o

79 O34T14JE
----1:3 t(SI) :A.Cj..AT1J4-- JSZL :1-3~ r-GAUSS

GJADRATURE CDRMUjLA9
33:5 z CXSTCI)+XST(Z))'.S

-( CA-XST(2)
E2z(XCA*1)*(-A-CA(TA))(K(&(ST(3))
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SQ = SRT C EKlIEK2)
"33 45-<

iv CIJ*GE.34) GO TO 30
SXC3 - .

03 ISUK Z 1,N.-(3Y

sii=s~arEJ1)
E -3 = C1.-AjCI5iJml))-3Jl
E 34 2 :35'AJCLSJi)03DC5-XZA

SIC3 SI:3*pkl/N:-(3Y
SIC3 sSI:3.ALCC(CXSr(2)-xCU)/(XCA-KSTC1)) )*E(3

T2 O 31
30 SIC3 SIC3I3(..M,)

JSE C-lr8SSE-GAJ3S !JADRATJir r~llJ-A
IN TC4E SAMEr MANNER AS T14T r)R I IN

12(L-.3.S.34) 33 1) i2
opcm = (XST(3)+XST42))*.5

zi 2 z XST(3)-XST(2))-.5
A491 = (rP:5*1.)/c'iC5
A42 = (FP:5-XStfl))/zl:5

13 7 LSJPI: 1.'dIBY

RB=(A:J(1SJM)'A41J.(AJC 1SJ'l).AA2)

7 SIC4 = SI:4+R:/RD

30 TO 83
32 SI.^t "44KM
33 C:)NTI'%JE

6J :-s(A-cA!,GAv'k)/COSC ST(5),GAOMA)/KSr(3)

C TC 25

5) TE. 2t
IC 3=T-A.'2AI

*3rTAS AN; 3ETA:( 300Y A43LES AT 0 AND C) M1UST 9E SPEI:!EED IN ComliCl.
234IV'IJE

YYI = XCA-xST94)*SDEL
YYT2 z YYT**2
XXU 2 XSTI.).COEL
XXJ2 2XXJ*'2
XY9 YY'T29XXU2

3 D GAa'xxs/CXV3**A!)
c~c = )3:
SGC = SINC SC)

C(E*C(AL') CSC*CFC
S47y (CU) S: F
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2 dOTIVUE

DG 15 ICAV=3,NCAV192
:AVXXZAW) zCAVEA( 1Ad-2) .:hVSgCC(Ex4ICAV-2)+.&

1c4( X V-I)+CX(I ~) #3.
IS CklYY(lCA4) =CAVYY(I:AV-2)

£c(I.:~.T) 0 TO LOG
33 TO 101

120 00 102 ICAV:1,NCAV192

1:2 CAVY ( CAV):-CAVYY (ICAV)
XC:AVX(NAdZ)

Y^lzCCVYY(%AVJ)

F A 0
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S..9ROJT1Nr- 52 (XS29ASZ*IS2)

C:"O10 YC:,PS3ETA2

:34: :AdKc15Q) ,:Aiv(loI),3E-TA3,rAzqcCCN:AiLF44,NS2
cc MM 014 A.JC100) vI S-fAi ,NCHYgeta N( 1 ) 9E TA '.2( 10 0) 93ETAJ2( 100)

COP4ON SlS'AS9ETAXX4,!CPISARCOD( 513)
c2'4'D'J IoJ-txAx3x:,rA4&,-7'YC, YiJSI5SX..I3S, 51G5S'4ALSDSS

Z:i4IC4 FSIZLPSARC(513) ,SARC3C513),LOPqOE

C 4O X;ZJNZA2AA ,32B3.:2::
:2-434 AAAA.S3 35, ,:Ae,- ,CSJ8,T;AJSC 111) .d5AJS(10C),'4GAUS
T-413 S~JR J71E 1S :AL.LED) Y ?S~

- riTIS SJB-13JThIIE A.-.J..ATES -jvJti)q 32(XS2I %qIi
* tC..U3-ES 12liXS2) TI I24(XS2).

XS2 IS XSI- AS2 IS TalC SO-,JtIDI Or INTE3RALS.

1 XST(!iP)=:1 S CI;P)
21=5.1414925 54

Iz (IJ.'CE. 14) G.^ TO 103

TIE SAI- IITERATIO 4S TIAT IN
SJ24OUTINr :AV!TY r SXSI

X121 =ANS

USE TIE SAMC SUB3)LJT1- IC2 AS
- JSEO 14 C~vITY 4ITm ISIC=1.

I SIC=
CALL. IC2(SA9S49XS2, SI C)
X122 =SR

* NOTE THAT 5! IS DU04Y VARIABLE*

jSr CAEBYCIEV-SAUSS SJAaRATJC IrJL
IN iL ACT.Y SIlL..Al 4ANN-7 T IA 1%~
GFSIV3 rOF 13

X123 0.O
5 C 5 XSTC1).XST(2)).5
:l- XSt(2)-XSr(L)).

A31 (EPIS + of* 3
A32 :C-92CB # XST(3))iCM35
2) 2 ISJ4 91:3
MiAI = .-AJCISU'A)
P1A2 Z CA.J(ISUM) + A3I)*(A32AJISJq)i
SMIA2 z SQRT(HA2)
F3 1 3 = *AV144~2
-3A13 = : 5A(Sl~-3.-S

21223: =X23#.F3I3/-3AI3
112! z X123*PAI/VNl3Y
Ir (IJ*EG*27) X123S(IS2) = X23

-- 2?---I

- USE C-lEYV4EV-GAUSS JADPATJRE
:z.(!j.A eY ASSJ41'45 Ti~r

-TH~E (ERNEL FCEN. 13 SID)Tis
Ho (XS2+1.).(XS2-ESTC1)).( EST(3)-*S2,
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dw S3RT('lU/4V)
v3S=(XST(3)+XST(2))&.5

clC5 (XSTC3)-XST(2))..5
A41 z (FP:5*1.)/F"C3
A42 =(rP:-5T())f-qC5

T2Al AJ(ISU4)+A41
T A2 zAJ.(ISU')*42
SIP =S2RTCTP41*TPA2)

BSr4N2 IS C14E3f-GLJ5S ir1RSU' :-. i7T 34 TIE SrCO3 AR:.

S2zs;RrC1.-AJC1SJ!)--2)

* 3:rA*42 IS jS:') F2i Sijl
3
.S 'JS ij-,.

ISZ IS TRA'JSFERRED Tf1 O Gs 32-A0GjmNrT.
KL242 = X-5.3TA42rL32*&!/-i
X124 Z X12414XI24.2

L(.hI.27)X1245(IS2) = X24

13C2x. : x121S(IS2)

XS23 :CCz1I-ALO:(D:S(A.FAl.3AVIA 1/cl S STC53.A44A /XST(6 ))/2AI
IAI)44+) S(CIAMPIAG.1AF.A( S2C(GCLA-lCCC z 32S(

X322: XS23-XI23
4322 : -KL2413AI
A52 tXS2A1XS2C+XS2D*,Ij

- 2SI,'.211,3z11,aaIx,121l )2596C-TIR. )Do!--.2S!.2)N'.72.LE.JI( FI

)41,.:2S1* A
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COMMON CAVxC lOO),CAVY( 1OO),3ETA?,3ETACqXCCC.N:A~,LPMMNS2

ca ~O'l XSN(6),ccC1,.EOcRc;YYYtx~,IrERASXS10(S6, SXSIGO(6),VXS(6)

C M %ION eETA'J(513),3r-T *(513).1IJLC',II(200),XJJC200),X3X
:3443 XK)J'j3,s2A ,3233vC2C:
:36qO4 AA&,99333,-::::A3393:,T3AUS(0D') ,GkUS(100),N.GAJS

n, 12 I! - 196

SO T~O 11
13 D) ! IS =196
1 XST(IS) = XS(IS)

11 Z3NTIVJE

YI=XST(4,.CGSDE.-T4)
Yl'12 =YYI.'2

C95 = XSTC1).-XSTC2))*.

1.31 B51./

A32 =(B^+S()/3

3215 (XSTC1)*I.).

All = 34i15-xST(2))/33'15

-45 XST(3)-XST(2)).5

10 T3 I
I~ ('l~.~3)S: T) 3

Lr (MIQ.E;.2) 111 TO 2
IJG) A-kE A.R--ADY ^ -:JLAr~i IN SJ~iZJTIN:'

- ?-IJ1.t i43D STZi7Z INi 34: AAEA.

1Z 20 ISU' 19NC-49Y
Sir = .-A.J(ISJ )

C-l A.JCISUM)*A3l).( A32-AJCIS,%) )

r73 = x1fsIYj
FX C=5'&.JcISJMl.3:5

T X22:--X2-*2

9,31= y/!
"?32 z Y1/t-x3

SR =SR~r3*ar3 1
20 S4 '*F393

SA

33 TO 1000
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2 CONTINAUE
IU (IS4Aft'.Eg.l) 30 r) 103
IS*tAR3 z I AEIS TrA&t TIE T)V 4&S l3JNDED ...

SO THAT TIE SI'qP;S3ItS RJ_ IS JSE34
1SaAAR3 = 3 E&'AS TIAT TIE ZD1 IAS 34ARM' L..E.
SO THAT C4E3'Sl4*EV GAJSS F0R4ULA CAN BE USED AS BELCW.

3120

)D 30 ISUI = : C8
sril AJ(tSJ4l*A11
ST12 a A.(ISU'4)*Al2

9< 3T&vc1SU'l)-S]ArcST11tsri2)

oR~13 = ''42*YY12
,llz'JNl/I.13

-<12 = YYI/J113
SR =RC1.Q

SR SR.PAI/N:Hay
54 5-al4c!l
S) rc 10c

TIISS TI rciCs-: r-,Ar TIE --I-. IAS 13JN:E)

:ALL ODSIl1 SR00g.~XZA)
(^A is aJlq~---- )4 .y J;7 :-j :(5) 14)xN%

3CONT14jJE S'E~T

39rAN2 (13)4) ARE A-17A)Y :%:_r_ ATtx?3'4T..
SR 0.

2S 10 154

S P$Pl z SIRTEPSK)

-c42 = YYl/(,7S'42#Y12)

SR = Sl. A1/N4qAY
$4 2S4*PA1fN:413Y

4. C3NtI'4jE

XA 0.

151C C
SJ910JTINr: !C2 IS ASO JSED 11 z(5).
:A- 1.2(SA, S4A, I SIC)

El 0
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SJBAOiJT!l '4 A2E() 9Y STA, IS1I12)

C2AM~i I JP~r I/ A2&2AJv3 2!~ SU2:CJv A AA kJ 9 852BUo CCZCJ 9 A EUs 9SJ 9CP-Ut BU

3A 4 04 YC::,S3ETA2
:040 XlTi(210) ,IT4(200),ANSS2S( 2 O),SAFtC2(203)

C04iO4 AJ(10a ,ISHAaNCHBY,93TANC100),8BTAN2(100),BETAN2(100)

C34O'N Sl A"ASEETA ,XX4qCP1 ,SARzOC5 13)

34'404 XS4(3),C:Cl,:-.,rERCYYyXM.irTERASXSIO(6) ,3X32(6),YXS (6)

2X ~Oj ARA2AA3233C2C:
:)'4401~ AA&&93333::::A3,CB)),t;AJS( 10).4AJS(100)'JGAUS

XS=SQRT (X)

X=R-ES=S0iTC XcREr:)
xzR7EA=XA"*tk7r-
X22:.2-*i*

X2H.2.X2S
XSZ:*3*.2
x3 3=.9-*3
x9S:S2RTC.8)
wi4iX3s* *j

~: 4- iST circK r,, SE-Ic U d: AA: !.I4 TO :A-:UAr r1i To., DART
: 0 THIE CrTM. OART. 1r TO- aE T 4NS E TO 2'40 .aLr 37 ROTIE

13E112 = 3 IS jSr-O FO z1-.j..ATIO'S --- J'"ER c)I 2RILE

Ir(15112.r~ol) !j0 TO 3-C
11 (IS112.1--.3) G: T:3

Iz (K*-E**2) ;.' TO l

1: (X. T..9 SC TO 25-

15 YZA2AA-X+3235.x2+z2::-93

3rTA=4TAN(Y3X)
5) r: 6

20 Y:AAAA- (4./3..X,6./!.-XI-.*.X2).353*X.CCCC*XS
YIX:AAAA 'I 13 .. S./3 .*1.5*XS-Q. *3094.5'CC:CIIS
fTA z4A~tY)X)

a23 TO 50
25 Y=A),+3-Y+Ci-2+0C33

3OTO 60

0T41S 2NO M4ALr OF TME UO4TIE IS 7:P :A-:ULATINS TME JPPER 4ALF
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5 C I- ISII2.EG.3) Go r3 70
I-- (X2REE:.LE.e2) So) TO 35

I- WxREE:eGT.e8) Go TC 5
70 :)4rl4JE

IF (X.LE..2) 30 TO 35
1? tx. E..S) GO To 53
V? (X.3T..*) ZZ TO 5i

U' (lSl12&E~e3) R1:09
12 (X;*2 SO TO 40
Y=A2AAU*X+225BU-X2+:2::U~x3#Rl
YOJ:A2AAU.-.52BJ*(3.CZ:J-X2
257lA:ATCNcyOZ)-jAL
35 TO So

I C Y2:A24AJ*.2+5253J*Xn4*:2::J-X2 3+Rl

Lr(x.3T..S) Go TO 45

?r T A = A VC Y oA)A I

301'A ZATA4dCYUX)-PAI
2i0 TO s

50 :t2zY.FtEEC-AAAAU.(4 .,3..XF E0Z+./3.XREEH-'.. RES-2EEY E7
1 -c:C:J-xKIrE3

ir CX.3T..92 30 To 15

Y:X=AAAAU.(4./Z.+B./3.*l.5*(S-B.*X)45555~U+.5*ZCZcu/xS

:.' CS1I.23 R3

R3=0
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C.Z4'40N/FUI..1N~lXXO39 YYOO

kXOO IS T-IE r-sOPOINT O= T-iE Jz'r- r1L OTFSET
I1 (X:.LE.O.) 50 TO 11

12 ro0W(1c1, ---- sr)2 201 <: -:SS rl* Z-R~ ))4Z AT A4CS2--c
STOP

11 DO:K K DO

151 24 I::1 5

Y3 1:XL..iXIVCRT
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SJBlOJTINC XCY~ C*x, 39 ,KxY)

X.(3:x(3

IF~ (CX.LE..2) GO TO 3
1= (CKX.LE..3) GO O

31 1c 2

< IK - C, 2V

x U= () IV

3) T: 6
S2 To 4

cX4Fl( )/r2-CY')

) r3 4

:Iv~ (IO-X<

so. 5

IF (CK.....2) YC=24-r*23-<*'P''*K

(:CXC.5T..&e) Yz5=A~J.JX<.:6E<j+BU-X.(3
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C U40 N BETA'd(513), 1-A'M( 513) ,IJL2(, XI1200) KJJ (2CC) ,XDX

3:~~**~)GC rJ 1

I L:-,..Z) 0 1'

Ir CIS112.:'.1) P2=3335

S) TL; 2

I-I
3 3 2 '

£ T .J2A .
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J:3

:4-- :&ARC 3XI ,X..?Aq ~ ISlI 2)
:AL. ARC( lFX2XL2AA 2,SII2)

1 42=(3

!=(Y-.0.) Y=o.

3 I = x 3~

X2=X2
I1(A,) 2D222

2C Z =x + R 1
11 T: 22

227 z&LLL ?-APC(ClFZ9XL.AjZqIS1I2)

', : T 0 4
2 -"-' A3S(P E3)

S .ITFC5,2) .969

6 x x

1 AIT.(ENl:YY(1)1

1 C\.IT.22) N:2

SZZ(es)=YY(()
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SU1;ROUTI'f %TER" (AwNqD)

r R A RrEV1SE; 02-2&-73

DIME4SIO4 A(509502. SAVEA( 50.50)

C 1.
'A 4

20 i .4 19,144

33 92 131

12 K = 1
151:< +

3t. T 17

17 F (.A-2S(-SAVEA(T9.K)) G,'. ABS(S4( ,O)) :
1 ( .N.o NI')SO T) 16

E;C. ~. ')G,2 T5~ 2-

Rc C I ITER:1ANSZ
2 C,2T 23

22 4 .
2 3 SAYE(.j SAV--A(K,.j)

SAVACLJ) SAVAC.j)
T3 22<

3c 1 +

31 :I * 1J

ir (SAVEI-(K*K,) 1*3 ) 3: T: C 2-20-73

32E4 13 93< 0
j5 =4 <4 1

53- SA A I,4 J SAVC£:1.j) - 1 * SAr(K,U)
U j **J)3 35

r:~ ~ ~ ~~T 1*2 '')2 23

) ) - S&JEA 1IJ1
IF (AiSCI) .-. T. 1.-3:)3 TI 4P.

I : ) i

IEuRN

1 5X,?4ATR1~IS is :7rT--INA*Jr SZT it. #)
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rIIS SIVES SETA(XgXsI)).
: ~~Yc.::,sgET42

ZM, C% XITMC20O),K1T4(20O) ,ANSG2SC231) *ARC2(200)

COMM0O4 I DJLoX A *XvX TNS97 qYC 9YRvJ8I GSL3 11So B IGS9 SALS90SS

C MPON4 PSIZLPqSARC( S13),SARCZ)(513),LPMDE

13112:O FOR SI.
I 1 i 52.

S3 to 21
21 SIA-S=SAM:2(L.3)

X I At A- ZIA
4 X1E-=XlA+.OC1

Xl A:Xl S
i) r.

3 CAL.. 'MiSE CXlAK ,92-1,7R2,tXXgdI IX-.lAq1S1I2)

s) r) ii
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C011404 S1S4ASETAEgqICPlSAR: (515)
'0"104DJo, XAq X5 X:9 r A NG9 E3 YCq YR9JS I SqX'.B3!SoSBI GS 9SMA LSvCSS

C044ON PSlZLPSARC(513) ,SARCD(513), L24.O-

C O 4 04 XROU%39,A2AA ,325B.C2CC
Ca!401 AAAAB35SB::::,AB,5S,:B,38,r;AUs(106) *GAUSd100ON6AUS

IrfL~hE;Xla 5 tO 1

I SS=O.

CAPRzOSS-XSS
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6.0 LISTING OF PCASLE

"R~A P:AsLECIN2UT,3JTPUTT 2E5zldPUTTAPr-6:OUTOUTTARE7, TAPC12

434.14:AR PARTIALLY :AVLTATI#43 ^AS:A) CALCULATIONS.

:---2RD3RA4 REVISE3 FOR~ clxEO Z&VItY .E'EGTH VERSION ON 9/15/78.

3IMENSION Y8E(7),XZ( I),8CT&10513),5ETA4C(513),8ErA32(1OO)

COMMO'd/gOILENO/XX~OD91YOD

:ZM404 /CVTYL/CA VLE',31 S2

:O~9' ONUT,4I(/lm

COM'qON XItw(2OO) ,XltV(2aO),ANS32S(2;O),SARC2(200)
CJ4404 CAix(1OO),ZAJVI100),5tASETArCgXCCN:A~t- 4kS
COMMON~ AJ(10O),1SiAi,'9dC 9Y,3T&N(I1C),BBTAV2(15O) ,5ETA J2C10OI

:DM40V, IOJL,)AX5,X, T&N39,YCY,JIGSXLBISBIGSSMALS,0SS

C~'O4 PSlZLPSAkC( 513),SAIC2(513)qLPM.OE-

C:~'lO4 XRlJ4JOA2&A Ai233q:2::
:C14404 AA&At,8~53,::A8,i8.C3,08,r;AUSC1oo) ,.3US(1OO),N6AUS

37A4 --- -r3A ARC 1 :O IEJA 1I4TESA%&..
71A'd IS --R ZITrNOL&T-f) VERSION Or 3ETANo

Z Te.12 =34 73J&...Y SP&:rl 14Cr~rT C3 41 2o
33TA.42 =O CHESYCrIEV- GAJSS VERSION Or 3r-TAN2. -

2AIZ3.141532653I
RrA3(59795) 14SAJS
'4sAJs1:'SG&J 5.
442=4AJS/2I
14SAJS224N42#1
I.A)(5%560) (tSAJS([ ),T:,XAJS2,'J3AJS)
READ(59560) (viGAUSCI), Z:NGAJS2,'vGAUS)
)3 26 12=91,~~2

afi 4!AJS(I3)dSAS(AJSl-),I'GJ2,A

2 JAITJS(5 12) S(,4AJ(1-~1545AS
4I1TE(69562) (W5ALJS(1) ,Iz45US2NSAJS)

510 C)R4Art'20oLO )

R--A3 (5,590) XX4

D)YfoDD(XHT )068,595AEA

4LA)(5, 5601 Rv~AAA333:C
READ45,56O) A99389C3,)b
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READ (5, 560) AAAAU, sssaJCCC:!
1--AD (595SO) A8Jq-38Jt:3Jv03J
LA (595&0) £ZAAJq3Za3u:2:CJ

R-AO(59795) :9
1;4351311) S3Er& ,33ETA293:4,3ErA3vBETA:
UrA3(5,551) LMS.LP<S.LPM2, IFLA3,1R7:ADISPiARP

REA009,202) ALFAS93A44AS*SJLlSg :AVLEN
47A)(51.22) U936902

:%V-r- tS A CAVITY LE4GrIsp:4 z,
30 592 jDrLTA31,7

iiRXTE(696553)

drDts, 1A6) cs'AZEr

dRITE (695S930) T,4(
dlITECS,5651) 9S:T'5, 3-TAC
041 TECSs5 3) i(AAAA, 3359vCC:C
tiurE(Svi~l) hsqas,:i, Di

441TE(69567) XROU1dDA2A 2339C2CC
gilrE 459527) AAAAJ*333BJZ:.^J
JRITE( 69524) A8U36JvCBU9)BJ
411TE(69525) k2AAJv323 SJ9:2::J
dRITE(691229) L24Sq.<SS32TA1jC&D,4CMEY

~(I E(~,52 0 DEGe)DSF4
dturEc5,1521) S3Er&2

523 OD~qATL20X,.AAAAU., 1C.6,2(,*833..**1O.62X,*C,^CU:.,FlO.6)
52'* FTDiA(20,9.A :.,9Fl3.6,2X,.BJ=:., 2.6,2X,.C3J:*,Fl0.6,2X, OSU*,

1 :10.s)

530 -3R4AT (S510.B)

1 1O. 5)

0'10.6)

95)
5i7 v3R4Art20X, .XRJN=owlD*6,2X9-A2AA*,FO.62K,.23*q-:lC.6,2X9*C

M3 FDRR4At(8110)
AA4i3aCCCCAlE C34STA'(13 F2i 2-T Rr :A487R, ( 9.D S@IT(X)

----- :ALCJLATED FRO1A4J0THER PR03RAMA CALLED *Ck'3ER*---------
4338C8 A40 38 AAE C32?::i:lE4rs -31 33*'DIALS 0R X ;REATER THAN *Be

: S, IS JSZ3 F1R OrTERI44146 W4ETfrR T3 :ALCJLATr- BETA*

:IrLA;:1 NEEDS DATA CARDS ?DR SXSICI)s 121959 IRC-A3 4AY BE SET TO So
: x VLA3 9 DATA Wl 3?' lEA3 ?-l4:1 zt).

DATA CARD. IF IR--AD:5

551 'DR4ATt1C13)
221 33R AT(413)
232 'DRIArtAEl5,7)
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&.1.- 3 Fzl.E-5 AAE ISS 3 .
229 F3R'4AT(3El~o7)

5i51 -- RA(0X-EA AM42 9ETAC AS ri~tsr GUES6=*q,109592XFlo.5)

1521 F3R4Ar( 10xq*S3CTA2z'1l4.7)
S3ETA2zSb--T42wPA11 33.
9ETAff=9CTA9.PAI 1190.
3r 14&O:5r TA .PAI 1130.

-)qL
3 M2=:JS2

L2M4=SET. P 1190

f3i toJ aE

) 3 19

Z ~0 T3L Z43

213r44lA)--&lk*.rLk(J.l
S10LSJ5243

A A z A -F A 1)*"A /183.

dRITEt,i2J XAX, ,tEY

z:)RArcX~l1 L4'1 4S-r=9E847



SrAlT ITERATIVE PAZEr)UIIZ
- - ASIC z_3 is r-4AT IF r-A -'-A

tiTrt:kk 1s 1%E c~ '4J43--l 30Irk~3S
I TEA:1

X41:0.

IS lX220

XKISH=XLO*,XI4CRT

FIRST :A..- SiA?. r:) =iu A :2stooN~ :AV.E4.

X:C:::AVLrM

CALL SiAPE(CAVLEN9Yv! B-TA,3)

Y::: :Y

L PM: LPPP S

L:31 IS USEO Z) 314T~.3_1143 -2435A4 0 FOR ItEle 1 FIR TiC REST*
rLNO XSIB.XSIzXSUA#A.c2 BY JSIV3 NCdTONqS METMO2.

SKSI(2)=XSIC
5SSI3)=XSIr
S4SIC4)zA dII:1 IS T't )I_ r Or 41AP214 rCN*

ZS(SI&,)SJ3c2

SxSI(7)=EcACr (RATIO Or SPACE Or SLAZC-S AT JPSTREAM AND 00%NSTREAM) C
lr(IJ<_*3rI.2) ;3 TO ;30
lr( FLAG*E..0) GO TO 7T.h

14IAT1&46 5JESS --R SXSICIP IS ------

9SXSI( 7) C

T19 READ(LREAD,620) SXSI(l) 9SXSI(2),SXSI (3),SXSICM9 SXSI(5),SXSI(6)

£20 '>R4AT(7g1Oe7)
129 13 i21 ICZ1,9LPM
$21 RrA)CIAEA39i22) SAR:(CCI 3_rYV(IC)
i22 cQA4At( 2EI497)

1621 RrAOC(XEA39622) SAR:2IIC)98rETAN2(IC)

;3 TO *B1

40 3 42 latzliLP41
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431 CONIIJE

JRITE(69102) ITERA

33 950 IRP=1,l c
330 sXSI3(Z~p) SXsI( 5-,)

i4u TEAE ST3 .ST2..

:AL-. IX N7diSSIST)..,4AX!TITN,0~,)FF F4)

556 9;JPliAr 1OK5HSYSIC11,2-):,-14.7)

rICSr ft::C.;.:SPA:E

x3C-T=-l..C'SPACE.I:LD&1CLPK-1)

: 1:10 r~ FI.JOINS SXSICI-), i.E.9 SXSriU)YxscI)? i:1~ FOR THE REST.
: :L:J-ATI)4 Or ZIRSSJRE ;ISTRI3JriI3 tC;t.

I~CTER.~.l)SO T3 36
3) !5 I3=1,.Pl

55 3rETlNO(18) :3CrAN(I8)
00 !7 IB=1,LP'41

0 355 IE=19L-7M~ql
353E-TA02(18) = BETA42(19)

JJ2=!)ScA-A1.GA44A) 1ZStSXSI(5).SAl4A)ISXSr(7) c
JJ22=JJ2..2

DO ?5 L.G19LPM

C CIN3 ZP(XSIP) 4EXT.
- ~i N.E CIIST dET1El AIC 33;trI3N SI --

C2 IS 3ASEI 3N Ul 41D P1.

0 2.!?4 IS i-A T4( ..

IciL.EQ~) SOTO 521

0XITICI) LS CA6CJLAtED 14 3CS1'92 ar )XzMNd F)R F(4i2.
02:22-
.2 1..P) :1.JJ 22*1
;3 ro 522

52 CPCLP=-SXSI(6)
;J T3 522

521 CP(LP:1.e-jue2
322 c34rIIJE
25 :34TIIUE
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.n.... *"AIN INSERT I-.......*..t..*e*.. .. *... *.s*ee

----- :2 F2l TIE S7C3 4j: S2 --- 6

4U43ER 32 CNTR:- 30INTS 04d S2 IS FIE

IN S.J8k2jTXN7 OrS1459 1.7.,
iA J T4E 23W1 JS-r2 z3i 3Er&

ANSG2S IJ C044014 = 32.
22 ~S8 NC3 = 19LO441
I'(NC09EQ*I) GO TO 681
IF (N:PEJ*P44~1) G3 TO 652

:2 7XP( AlNSG2 SINC PP

:22(:2)= l-i2-JJ22
!'Z TC 68C

13l: '2(N:' )=-SXSI (G)
SO TO 6?0

:*& ....... 4AqIN INSERT 1-.......... ........ ......... ** * ~ *

:'- k*G -3: ) 5 T) 1135
;3 TO 1134

1136 :RiATC5Xr-(4C) IS TOD LARSE 7) CALOULATE 97ETA*P

F(4'. XXX(XSIP) 'IRST*
L134 :2NtirrU

:-IRST rT. 2OR AR: 1

0E4.-. i3TETA(.XYX9BTET1, IS1S2)
K K A(L3 )=Al
3rETA%d(-?)=37TA

IL.'.E~.'lP STAT33ETA
I'(ITZAA.-=E.MSTOPI) 3 TO 1:0

100 CONTI4JE

*...... AIN INJSERT .. *.nn..

------- 3rTA =3R ARC 52---------------------------
S&R:2! AAS 3E7- &L:J-ATE)
IN SjBi3,JTINE 3CS145 443C
5t3airO IN~ ZO4q34 44CAo

ISIS 2 = 1

LP--LL~
:A.--. 333.EtA CXYXq2,Tk , Si 32)
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XKX2(...) =xyPl
i,-ki~6. 2 = i rA

I : ITZRA.L7C.MSTOPl) 53 TO 329

329 :)4rIlajE
4Z9 CO2NT1NIJE

JS) SliC2C.-T&)

J2 Jx3.*2

V IT S*,'K CT 106

D2 T:- 10 8
13E xRS =XE-SAEF TI<-2<

.JXA 2XPS-SXSIt4).JSI)

DXXO JCOO/(JXA2*UX32)

/22

G! S :t4L:J..AT O AT 3xSP2 ., XITN(I).
A44Z STORE) IN :)4 13.
L2(XPS.LT*2.) DSIO)X 2-

2(t1T0 I.PI*Sl3CTl
125 z2'driVJC7
:---CL. AN3 CL~ 

2
2F S2 'lAit.

'4S21=4~S2*1
IS4=42,S2-1

VEi2 = SXSI(2)#SA22'VTK-1)
.J(A = XiS2-SX3I(4)-JS13
JXA2 = UXA**2

*X* JC20VCJXA2+Jl32)
2)D 0GA *PXXP*XRS2/PAI

37t2 =:3S437Ti42tITM)
SIerra =-SIV(SCtA'V2( ir<) I
3S23X 2 EX2-AN$S2SITK(fl.0d3KfJJ22
12 IS C-47kv :kLZJ-kt:0 At 3CS14i k.S
A'4S!2S(I). STORCPD 14 :344ON AREA*.

X2 = 02)X&C*2cir()
c-2(Zr() =2L2C) T
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553 :OriiJE
CSZ & ipCE

)J Ill IUA = *.M4 *

30 321 IUA = ,1S2A.2
:-IT,= -IT&GA;)Z.(-2(IJ)4,.-..%2I JA41)4zL2(JA42))/3.

321 C3RAG =C)RAG.S&P2*C!)2(1JA.)+.&.F)2CIUAI),--C(IUA.2,))3.
- - -- 46) Tr-ir F4:ES ON CJI~TY 331t130.

* SJ3ROJr:N? XCYC CAL:JLATES
TIE a314T IV TIE JP? 3 .&0E -'OTIONY :RRE.SP. TO THE :AVITY END C)I1 T.

L)R43 ^-.iA-SXSIC;)*XC:::

----- X::: A4' : yC ARE TIE rND 23I'JTS :r AVITY, CAL:J-ArE-D TV
- SJ UJrINE7 :AVIrY

-.... *..*I--MAJIN 4Si-.~R 3 *........

Jt 2J * A 13 4 -A - i4S1 5 + 1A S .

.2STR %4) ALSTAR AR~E 31SZZ O0J iEL)Ciry Ar j'sr1EA4 4~FI sir( I, tx ty) .
z3STAR=:OA;

117 : ~3W( lX934H1CLIN1' OR47

,I- r3i4Ar(lx954t:14: IS )BTAII'UI ~ 14ETJ4 EJV954F!N:,oE14.7)
Sit C ( I 221)

221. =34Il9S- L S ::)) ARE 3AS7E0 04 Jl IV 4LFAl nIRE.---)

CCDO?)=LSTAR.SIN(AL"A1)COST&&.COSCA.?&1,

I IE 4 -.o S 3 1 13 TO 140

..... 4AIN SERT 4 ...... *.....*..*......*t..*....t.
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ADAOSI 832 TETRA TECH INC PASADENA CA F/6 9/2
COMPUTER PROGRAMS FOR CALCULATING PARTIALLY CAVITATING BLUNT TR--ETC(U)
JAN O0 S MAEKAWA, 0 FURUYA N0001-?9-C-0234

UNCLASSIFIED TETRAT-TC-32B-02 NL2, fll flfl ll71EEMlEEEIEllllEElhEEE-
IIIIIIIIII..mlllmllllll

EhEEIhEEIIEl..'.-I



4LRrAOY :ALC JLAT73 14

idRITEc6#297)
237 2

:ft4Ar(2X** --- CAV1Tf Se4APE ---- 6*

3) 235 <CAV:1,M%'AVl,2
ZiS dAITC6,3 2  ,CditAE

4RITE169M2)
523 #RiAT(19 ---- JPDEA 939y 54P ---- o)

DO 321 IS4P=1951

CA..S4APr XY3zA3
321 4iRLTEts9822) XvY

ftEwlN3 7
d1RrTC7ia3) SXSI(lJwSxSt(z)qSKSC3tSSI(4t.)X31E5)qSX31C&)

x tSXSI(7)C

33 73f6$r IC2104

766.kRITE(79767) gARCCIC3BET'd(C)
7i7 C3R4ArT2E1A.7)

DO 1766 IC:19L P4R
17i3 dqircc 7,737) SAXC'2(jI) 9ETA42t IC)

lrt(1 AA*72*M. ta) ) TO III55

rZ(2):KZA1)SACE

~3 TO 5
I- (S1u:E2.Pi S T 5

XZC1)E9CSPACC*UL2&T(I'4.+H.P(-1

WZA2)=XZCI),.SPACE
XZL3)zXZ(2)SACE

J3 2S 36 IKIA7
56 YOCIK):IPcT~4I.K2

XyXCT#(t~)ACT~EZ,1P~f*3ATC1Y,3) ,

Xztl;x9E#SPCE*V34tI4-6K90

XZQ=X-l -5AZ



33 TO 151

23 TO 151
51 9ETAMC1):o.5.IBe-TANtl)BEcTA4i23)

S5 3ETA&t..PfL)0549ETi1LM41I .3ErA433q)
151 :ONTI4JE
5o :3irzl.c

IFurTERA*E2*1) 30 TO 6

41 9rTAN(IE):IETAN(IE)bC1.-Xvq).BrTAdOC !C).Xx'

4?f 3ETA42(195) 2 57TAi2(I--3) 'I 1-xxl)o3TA2(IF)XKM
3: 652 lIa-1.7 c

6 LTERA=ITERA.1
Ir(ITCiA.3T.lqS13p) ;3 T 23
SO TO 160

?9 *RITE(69291
29 F)A4Ar(5Xq2SIT-2ATi', iAs rT4NAi.%Ar---
M5 C:TI4JE

EC
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DIMENSION 7,(01),(h(,),R(7,r9()

C34404d ICVTYLIC&VLEI*B1GSZ
C34O4dIFR7CAV/XFRE7:9Y3 ftCC
:34434 fC=*SSET&2
COMMON XIt'q200),EirV(200),ANS;2S(200) .SARC2C200)
:3443 CAVX(100) ,:Aiv(200)3 ,3CA3BSrACKCCCNCAiLPq'qNS2
COMMONd AJ10*S4A3 ,goBTN1098T4( )3ETAN2I100)

C2m4O1 SBETA94449IC219g6IC03(513)
CoqqO04 IOJLt,XgX,IeTA'46,CPYCYfJBIISXL3I3SIBf3SSMALSOSS
C34434 x5v(7)q :-.'rE:,vvYKqLrEqA9SXSIOt?) ,SXSIODQ(?),YXS7')
COM1O04 PSIZLPSARCt513),SAACD(513),LPMOC

c~m'4o% xft2JvOA2A4, 323sqc2::
C34404 AAAA&i33,9C:.*A,3e.c5,s, 3brAJit l0O)i3AUS(1O0),94GAUS

ZJ TJ 212
30 6T IJ:, C

57uiITE($96i3 ZIJ*YCI1J)

212 c:mritiE
55 3II:20*0E

SI 11zx(2)*2.*3G

S15: ID.5.a& I&,AMMA I)Ol -CO.9)
L'(15).LV.0*) 33 T3 ?9
1wtl(5) .GT*SI5) X(5):S15
1, T 3 79

13 IUCA35Cxt5))*3T.S15.) t(5)=-315
F9 C34TI'4JE

112! 3R4AT(2X9* ---- -X(7) IS LESS TH4AN ZE3-------- C
ljtX(.h) L--eO3l) x4,):.ool
00 68 11.3:1,7 C

is d~ZTE46*6S) ILJ9XKCLLJ)

...... (1)-------------- --------------------------------------------------
33 20& 10.2197

20 YSS(IKsxI()
5 C3NrIlJE

XCTRL 2 1

SJUiTtlE vZZNTL C%.:U6ATcS TIE ITESRLS IN, F61)o

4(CIMI a 2

C&L. 8114F. tvIT3,:ftL)
KCTqL a 4
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1: CIJ*-r3*1 dqZtE- (S973) fVI9Y~lF29YIJT39Yldr
76 FORMAT (XK,-6--11,129I3,14 V 7(l) ARE --- *94(E14*7,2X))

I1 (IJ&EQ*2) 30 T3 5
It (IJ*Q.3) 60 T,7 4

IC (IJ*CG*5) 30 TO 321
12 (1 J a 2e.i) 23 T) 322
10(IjCoE*S6) 60 t) 3222

LJ22
YXS(1) Z Xfl)+.OELT(1lt)

3 cIP -PA

sa To 5

Pf1,1) (5JP'-F1Q)f(Z..DELTf1,1))

YXS(I) r cl)

31 r3 s

320 I1P x S
YXSC2) 2 ()-DO6(t,Z)
14 2 5
;3 To 5

321 19 V

Y(S(2) = M()
YXS(3) = (3)*OELT(193)

13 TO 5
3?2 CIP z =

YxS(3) x( 3) -OLT( 1,3)
i32 To 5

5222 F1Q-A
115(3)21X(3)
0(223) z (2IP-F1Q)/(2**3-ELT(lv3))

-( 9 ) 2 Be

IJ21
350 :0~riijE

1(1(1 z ALO;(COSCA .F&1.SAM4A)P:OSCYXS (5).GAIIA)/YXS(7)) C

991 z YXSM&.CSl(0T'.T&)

:0331 zICCIxKs lA

CALL R4INTSOLNRSOL494I0)
EiiI(4Z3) 2 S.3.ld
M~iI (419) 2 S%..Nq
EMMA z *XKI(MI2)IPAI
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16 (NLQ.C~lo1) XRRR 'ON.*IX4qAI(MI2)

IV (MIQeE2*4) XRRR -XRRI(412)
I tML243*4) X414z -9441(412)
It (IJ.EG.7) JRITE ti,71) (14)I,)

12 F3R4ATE1X*.-XM4I(I)qI1,q4 OF F(2) AND F(3) £AAE-.,,(EIA.7*2X))

144 24~x4

331 :314rz4Jr

CSL43 z X1-YwS(1)
XSI"P Z U1-YXS(3)
XSIIC XXIE-YXS(2)

41 lia2 x3143-.2
4S14v2 'CSI4F**2
XSI4C2 XSXM..*2
AAA S2RT(KSIP12*Yfl2)
RIP! SORT(XSIM32+'rV12)

Rcas~ftT(XSL4F24'YfL2)
ROzSORT(KS14C2*YY12)
r £ Tk4CYY1IXSI1)W

T113 ATAN(YYIXS1431

TI. ATA~iYY1/I4r)
It (rVSZ4?F...E*D) r4f: vjoi.
T4I) 2 ATAI(YYI/XSIqZ)

TIIT1 = .5*(TrlIATHL3*THN1O-1ID)
:34 CO3flT'IIT1)

SIT41 z S1ICTTI)

13 Z RR1.(XRR.SIT4L.E4M*COT-.1) *(44
It (IJrQ,,) F(2) = 2 C
V- FI.37 (3) -3:
It (IJeEQ93) 10 TO 340
V (IJ.o.-Q9) 30 TO 341
I- (IJ*EQ.1O) 60 TO 342
it cie2*l GO r3 343
It CZJeG*12) G3 TO 544
1(IJ.Qe13) GO TO 345

I- tiJorn.14) SG. r3 34s
It (IJ*EQ915) So To 347
T423 2T44(YWrS(5)+3A44A)
XCXSa XRRIC1)aCOT-1 - Xq,14(1)*SIT4I
XS5^: tRRLC1)*SIT41 * 444Z(L)*C3T4l
0 (295) : *1TA26*(:tI
042,5) 2(29&)/Pkl

: (395) : *441.rA2S*(':
(35 (3#5)IPAI.,TA2^S

*(2,£):4ftI(XRRIl).O)T~l-x441(1)*SlTNl)gSPY
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743971 qqj'E5xrw('aIYxS(7)) - 1.yxSc7~l

VY-C)X5 )D-Tl2

13 TO 330
544 c*2 a 9C3

923 a 3C3

33 ro 330

209,1) z(r 3 3.F3:3)f42.*Drir(291))
vKSC1) 9(l)
YXSt2) X(2)*OE.T(2r2)
Ui 10t
10 TO 330

342 c22z2C
9!= 93CO

10 TO 330
345 2(292) z 2 2FC)(.3-c9)

Pt !.2) =('33FC0)/(C2.'O :LT(292))
7(3(2) 2)
YXS3.) Z X(3)*OELT(2%3)
1.)= 12
33 TO 330

344 92 z 3CJ

YXSC3) z X(3)-07-LTC2v3)
ii 13

30 TO 330

P(393) z(--3-F3CO)I2*.OCLT(293))
YJS(4) 2( *--T24
VES(3):X( 3)

13 T3 330
346 cP2:F2CO

LiJ 15
S3 TO 330

!S(LJ~ 1 4') ax (13

YI(IJI1)+D0 Tt49l)

1'(1J.C;IS) SO T3 $17
Iecisid. .19) GC TO 6715
IlcIJ*ECo.2) 30 To 115
Il1j.ccG.Zo) 50 T) 117
l'(IJ*EG*22) SO To 117

1'(IJ*EC.eZ3) 60 TO SP.1
llCIJoE3*24) so r3 122
11'(IJvE.o2S) 20 TO 123
1:(1J*E2*21) So To 124
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it(IJ.C2.2&1 63 To s24l.
1e(I1~iC.252) SO TO 6242
1' (1JOCO6271) 30 TO 1251 c
I' (IJ*CQ.272) SO TO 5252 C

6,14 A432uM52
lJis

SO TO 19
$15 &ISF34'IS2

Z(4(3155-AWS)
Lj:19
YESC):X(Z).O,-LT(,1)&AS(2))
33 TO 199

S15 Al~aasAVdS2
1J:?D
YXS(2,:E(2)-OC..T(4,2).ABSCX(2)I
Z3 To 199

116 A4S;G:.ANS2

LJ=u21
YXSt31KX(33sOELTI493I*x(3)
23 TO 199

ZJz22
YxS 3.x(3)-CEL.T44,3) a x 3)
10 TO 199

YX SC 3)1 XC3)
LJ=23
YXS(4)=X(A)*DELT(494)*A3S(Xt4))
10 To 199

I J220

1O TO 199
M &49A1S2

IJ:25

$3 To 19
$23 3'4AZAIS2

YES(S) :X(5) -OELT(4v5)
60 TO 199

634 *192hIS2

1Vc4Af(4)

YES(S) 2 X(5)
YXSCG)2X(l)#.LT(4,1)

13 TO 199
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i241 3SIAZA0i2
U 2262
Yx5t6)=Xf6) -DELT(49fi)
za to 199

$242 S!48=AN4S2

LJz271 C

30 TO 199 C
1251 9l&:AS2

YXS(?)=XC7)-OELT(497) C
W2272 C
33 TO 199 1.

i252 343:4 1S2 C

YXS(7):X(7) C

T4I3SU9OTd FINDS TO: END a)IgT 0- CAVITY*
IJ = 27

115 ZAL.. OAVITY (XCENOqY:2'NO)
c(l7)Yc:43 Tj'icTION(X:r'il) =3 TO Br SATISF1C3

11112 3
CALL. SNAPE(C -NOtYJ3*2-',SETA,1II2)
1:tIJor2*27) &3 TO 320
1(-IJ.ie.29) 60 TO 321
12 (IJeE2929) 63 TO 922
I- (IJe2G*30) 5O TO 323
I-- CIJ.E3l) SO TO 324
I2 (IJ~r2.*32) &0 TO 32
IF (IJeEQo33) GO TC 326
12 (I14.Eg34) GO TO 327
lW(lJ.EQ0341) GO TO 330
I-- (3J*EQe35) 60 TO 328
32 (IJ.EG.3&) GO TO 129
l
2
tirG*37) 60 TO 340

IF (IJ.CG.62) Go To 1379 C
I- ^9aCei)G To 1)9a0

c(7) 2(C3Yi~t C

YXS(1I z t((1)#OELT(5v1)
33 ra st5

&21 A4P=XCEND
£'dP7=YCEN)-Y~iIPEA
Ii j 19
YXS(1) -- (CL)-0za.TC51)
31 TO 315

322 PC5,1):(A'4p-XCrNO)1C2*0CL~T591))
A17=lCrN)-YJfPrX C
P(791) :(ANPT-AN7)f(2e*OELT(591)) C
YXS(1) z K(l)
YWS(2) :Z X(2)+OCLTC592)*A3S(X(2))
IJ --30
S3 TO 315

835 A4Pzx:E4O

YXS(2) 2X(2)-OET(5,2)-A3SCX(2))

LJ z 31
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S3 TO 315
214 P(5,2)tAIP-KCC'4O2M2..OELTCS23.8St2I)3)

P09,2) = (ANPT-AN;7f)1t2..OC.T(5,2).A9S(X(2))) C
YXS(2) a 9(2)

YXS(51 z XC3)*OCkt(53)*X(3)

325 AIP:E40d

YXS(3) 2 X(3)ODCLT(5r3)*XC3)

SO TO 815

A'dQ7Z:E%-YUPPEft
P(7931 : A'dP7-A*i573 1(2.'Or--T(5,33 '( (Z)) c

YXS(3) 2X(3)
ftS(4)
SO TO 51!

927 Aqpz:r'iO
A47YC!N-fUPERf C
YXS(4) 2 K(4)-DELT(5v4).A3S(XC:4))

13 TO 615

2?5o 3miE -UW

YKIS(1) X(4
YES(5) X (5)*0OEL.TC5r5)
IJ z 35
ia To 815

UJ =36
si To 3is

829 P(S5i:)(ANP-XCENO) /(2..CELT(5,5))
Al27zYCN-yjxprj C
1( 7,5) C A'IP7-AdQ ) 2..0-..T(595) ) C
YES(5jXX(5I

IJ257

13 TO 315
340 AiPZ:END

AVPT:E3-YJ~riC
YXS(632X($)-OELit5.1)
1i238
33 TO 315

641 P(5,6):(AIP-XCENO)#(2..OELT(5,6))
IX5(6) X(5)
ANG72YICEtI)YUPIPER C

1(9)2(AVdP7-A'27)f(29*0-E..T(5963) C
YXS(?)21C?)*DELT(59?) C
'Jis
33 TO 315

1079 A4P:-XCE40 C
A4P7CND-YJPPrl
1X(() a () - DELT(597) c
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IJz51 C
33 TO 315 C

IM3 P(5,7):CAVdP-XCCND) /C2..OELT(5, 7)) C

PC7. 7) =(A4P?-AN27) /c2.*3r.L597)) C
YESC7):X( 7) C

158 CA".~ 3FSI45(AI4S5)
Irt1J*Eg.40) 90 TO 551

a; T-3 M1
VC(I.J.E~o42) 6O TO 353

IVCIJ*Eg*43) 90 TO 954
1V4IJoE:*44) 33 TO 315
!:C(Ij~r2*45) 30 TO 35i
I-iI.j*EC.4a) GO T3 357
I Vt I toE 2o47 ) SC TO 355
1(-CJ*71043) ;., TO a59

1--tj*E'.4) S TO 350
1(IJh.E;*50) GSO T 361

1V(1J9.ECe5l) GO TO 362
I:(Ij*ES.52) 33 TO 3 33
IV (IJ*E;.53) GO TO ia64
IV (IJoEG954) GC TO 1365 C

351 Z ( ) Z- (A 1 5 5Z alas2)

YXS( 1):X (1) 'CLT (6,1)
SO to 550

1.52 A40I~S5

YXS(1)=X(I)-OELT(5el)
io ro 35o

853 ~(.OL(,)

I J:43
fx SC2) :x( 2 ODr.T (5 2)
51 To 50

YXS( 2)=X (2) -DrLT (6,2)
;3 TO 950

355 P(5,2): CAP-A4S5)/ (2.kOCLT( 5,2))

f'(S(23 K( 2)
YXS( 3)=XC3) .OELTCS,3)
;3 TO 350

856 A4P-A4S!

YXS(3)=X(5)-OELTti93)
S3 to0 850

YKS(3)=X(S)
YXSC#)=X(4) *DELT(fiv4)

Iss 44PSAIS5
IJB

3O TO 850
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YXSC5J=XC 5) DELT (29 58
53 TO 350

SgO AVd:A~IS5
IJ:50
YKS(5)=X(5)-OELT(S,5)
33 TO 850

fKSi5):K(5)
YX5(6)zX(6) +0ELT(&6f)

30 TO 850
3;2 (%dP:A4iS

YXS(6)=Xt6)-DELT(fi96)
I Jz52
3o to 350

YXS( 6) :X(5)+DELT(6,7) c
LJ=55
S3 TO 850 C

L3i4 A'4PZA'dS5

VXS(fD~mXtS)-OELT(6v?) C
;j to 350

lz$5 P(6971):(ANO-ANS5)I(2..DELT(3,7) ) c
YXS( 7):X (7) c
33 6" 1,(:1,7 c

6 J ~Rlf($6!7) LP(I 9J2,J=1,?)

4AV1ffNCAV.1
3: 25S IC~:14c&v1,2

253 4FUTE(6,25) CAVX(ICV)9CAVYllCV)
252 23R"Ard10E9eCAVX=:.,13.5,5X, .AV Y=*t p105)

)3 12i I7x1,tl c

03 132 IU2=1,7 c
I0(IT:'A*-.r.3) 30 T) 385

1 DO0 13a IU;ffl,7 c

535 C3NTINJE
:AL-. JrTEA4CP970'CT3) c)
30 25 IOET=197 c
2) 26 -.?G=197 C
2(LPG, IDET) zP(LPG9I3IIT)

26 P(-PG*IDET)=F(LPG)
AL- 3rTER(Pq7,OCTrC C
IVCIDET*E~el) DELS = 3TE/0OrT3D
1:tlD0rT*E2*2) OEL.':rr'Drt3j
lI(1D:CToE3*3) DELOZ:CT;-/DETO
lrI:(I2?T*E34) DELrz:Mfr/DE-TBD
Ir(IDETE.5) OELFZIITE/OET33

U (IOU.E3.a ECC..3rIUEIDET33
ULOE.3)OELl:3rrrIDEt32 c

30 27 LPG=1,7 C

25 CONTM4E
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1C2)ZK42)*3ELC
*4(3)2CC3).2CLD

XC?) :X C7)+0r1L4 C
33 60 -4N=197 c

!C gdIITE(6961) L'qNXCAIq)
it --3fAT1(.X92iX (,I It 21 :,--l*.7)

A3S3:A3S(2E-8/XC1)
AASSCI..(r-C/XC2))
A3S2:=c3SC2.i..3IXC3)
ASSC?2A5 S(32fLE/X(4)j
A3Sz=A3SC2:--FXC5) I
A3S4:ASC2r..AIXC 7))

LX&AS~:3S.T*ST() <EI z1

L--tAaS3 .LT.ST3L) < I J 0

i '(ASSD.GT.STOL) 13 20

1 C&8S .GT.ST06) <rt 2:0
1:C(48S .GT.ST30 3EI 0

1(<EIO.E2el) GO TO 35

9RITE(6942) I
4.2 2VqtAr (20X4ll4TElAt12'd iJO.zvI2

UiIE2.1) O T3 35
13 TO 55

55 VLL1. is) !J T3 35
5:3 ro 3s

31 ITEC6,37)
37 03RUTClX04HOOxNEi 310 NOT C34VERV3' 41THIP4 T41)

134K X)* .I*SI 1) X 111:31
SI10=x(l)+2..OG
1:CXC2) .LT.SII5) xC?):sriO

13CC5).LJSI1) (3)=Slll

1
2
(XC4) *LT4SISf Xtk)=SI6

C1Z.5*0k1.-GA44A) 'C .-. 02)
I:CXC5).L.0a) SO T) 31
l34X(5).GT.SI5) XIS) :515
ii r3 32

a1 13CA8S(5))e;T*ZI5I K(15)2-SI5
32 CONT1~4JE

1U CXC)*Lre..) IT(,12-
1122 T3AIArC2X,* -------K7) S:--A4E -ES TMA'd ZZID ----- --- C

51 qrTUR4
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3IMENSION XSTCT
: 3 4 0 YC::tSlI-T&2
C31PO.4 XIT4(200) ,xTir(2O0),A'4SS2S(230) ,SARC2(20a)
C34404 CAJX(100) ,AdtC 93--A93-rcxc:NA9-49s

21440 'LA2AN9 3ELTA9 33 AP9 A LtAl 9 AM1

COINC I DJL, XJLPX8.K X: ANGq-r',YC YR 9J3 I rStXL!I S9 SI GSqSMALSvDsS
:340 xs'qC7)v :.-tRiY9MlE~SXI()SSOC~YS
C2404 PSIZLPSA-.C(513) ,SARc3(513),LPI,0r-

C~'.40 KR3J43,A2AA93Z53qc2C^:
CZM404 AAAAB-139::,AB,6s,9,S*B8T1AUS(100) ,mGAUS(100),NGVAUS

- NOC = 1 CALLE3 t-U24 R41'4T tR RZAL 'ART.
* iF- 2 CAL-E) --) R4I4JT --R IAA. PART*

I* 3 CA...E) :3 CAVITY )Xc'4.d AT F(5)

30 10 12 19?
10 XST(IA) XSN(I )

z~ TO 12
i 00 11 IH 197

11 IST(I14) YKS.I1)
12 COITIdUE

33T 223
222 00 224 ILK= 9*
22k 3I-TDAd(1..U SBETA
223 CIONTIUaE

CSPA',- = (j.+,XST(l)),:-OATc-Pi)

XSI1=-l.CSPACE
8Z = ETI'dC2)

AP1 = CXS11-XST(2J)/C(XSI14.1.)*CXST(l)-XSII).(XSII-XST(3) ))

C3 z3.2 1*421S

Ei(1 2 9S ( ) :,s3--A

YY12 = YY1--2

PLM 2 =P4
P-4 P0.2*YY12

'KYS.R 2 L4/0LiA
OXSI ZYY1/PLA

ItNOrE(ie2) 03 = g3'-'XSI

AN SA 0.

)3 1 1 2 296P'1392

SPC CS2AC-r

XS12 z -1.+SPACE.cL0kT(I)
XS13 2 KS12+SzAt.
23 TO 31

50 S2A:. Z rSPA:E
XS12 z XiKT#PA'...)TI-..4*1)
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XSI3 XS12*SaACE

31- BET&i.(4I*2)

AP5 (XS13XST2))/((XS13.1.)(XST(1)-ES13)*XSL3-KST(3)-)
40SzSQitTCAP2)

4pis= sQkr(AP3)
92z E2*ka2S
23z3E3*423S

14hI2 XS12-XXL
rtA22 4A2**2

H9=4A22*YYIZ
4:R2 2 HA2f-tB
-t:I2 zYY1,/r4
AA3 zX513-EX1

442 A3*02
,40:.A32+YY12
I1R3 =rtA3110

1I-ti.EG.11 T293 iI

I~T (NJ:.?Q.2) P32 z .2HZ3

I1 00'.E2-3) F2 = c?/(XSI2-XCA)
1244OCE.) F3 z 23/(XS13-K:&)

cS4=(F1*4.*F2.:3)*SP&Cr13*
hIAZANSA*FSUM

S22 = s2Rr(xsrt1)#.i.
S23 =SORT((XST(l) -XST42))f( xSTC l)-(ST(3)))
Avfl = 9ETAI(1 )*2..SiT(:S~tCr-)*sa1'SG2
A~IT2 = 9ETAM( .P4)*2. *SQRTt$PA:Z) hS23/Sg2

Alk -1*-XXI

A2L3 XST(l)-XX1
ADL32 z ?.9=
lo(NO:.rEG.1) ANTI A'JT1*APLA/(APLA2*'YY12)
IT Mc~& ) %irl = 44jt1.V1I/A-2*YY12)
ITN~~Q1 A14T2 mA'4T2*A23 /5IAAL32+YTI2)
IT (NOTElo) ANT2 z ANT2*YY1I(A?*.824YY12)

IT (NOF#E~e3 AIT2 = edT2/(XST(l)-X:A)
A4S = ANSA.A'4TJ+A'T2
C-TURN
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SJBtOJTIN: OFS1M2(ANdS2)

CJM40~4 XIT4(20O) Ktxir(2OO),A4d322S(2))SAqC2(201)
COM'90N CAVX(100),CAVY( 1a0),gETA3,3ETACoXCCC.%:AiLP44,MS2
:34134 AJ(100),lS-4A OIMCK3YS3r .(1)0) ,B9TA'12(I.0) qCTA%2(100a

13M4014 SBET&,q,ICPIvSARC3(513)
I.34434 ioJ-vXAtXgK:9 r&zo-2 f C. Yqq J3IxStXL3 I SS9 S16,S'~LSOSS
;O4. xS4c i), :..r~ctcYYYKMZrCRAoSXSIO(7) ,SXSIOO(7) ,yxS C)
C34404 PSIZLPSA.Ct5I3) ,SAIC3(513),L'qOE
:Otl4C., eETA4(513),BErAA(513),IJL3.XI(20o) ,KJJ(200),XOX
C3443 XR)J'4lA2kt3233v'2t:
C340 AAA",s3Be9:C.,AS,!StC~ir;AJsIICo) ,5IJSc11oo3 6AUS
10~ 13 IS:197 C

13 Xsf(l~:yxs(I5)
PAI=3.141592653

UJ2=C3S(A-.A1i3A!4A) I:oS(XST(s ) GAM4&)/XST(7)

N:S- A:C.5*CSPACE

PiSDA: C.-r*:SPA:E

;33xsr( 4)*COE

* eCli4(3):O3AP.PPP*XSTC1)/*PAI*SQRTC1..XSTCS)J)

I(I 2.1IG3 TO 2

SPA^C:F SPA:r-

X(I)=XST(l)-SPACE* -3&T(IP-2)
X(2)-:gtl)-ISPACE
113) :xCl )-SPA.E
Z) rl 31

30 13E=CSPA^CC

141) :a3 ET-S2AE.P...3rc I -L3<l-l)
N(2) :141)-.ISP;CE
443)=Kt1)-S'A:r

22 T0 7
3 12(tei"2*21 K1442):KI I4(-.P-CEPI)

12411.2*31 XI T(3J-XI T~L2'i-IP#1)
S3 TO 5

7 C34rili1

~l TI I)sxl:tI)
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ItIJ.~.15)SO TO i
;3 TO5

Kt1.rQ.3 XITN(L 31+)=XIT( I)

s3 2Ksr tL )E
PXA:Z..Z.33*2

CCN3(1)=EXU(I) .DUWcXfJJ

8 C3'dTIld~r
IV~: x'C43(l) is L..dAfs -asxri.

&D 3 23
33 TO 2*1

FF3=DSAP*2P2/OAI
: 4 (3)= = 1

21 SJK=(2::43(1).:-C43C2) *A..r'45(3) I ~S'ACE/3.
AS2:A'4S2*SJ.q

33 TO I
2

A'S2:0.
1 )34T11UE

: IT4(-P)=;l AT POI4T So
: LNiTC1):G1 AT a)I.VT X:1.

xi P41 - 2i)z i-XK / Al
XIlN (1) :0.

-TJft4
E4D

105



:34404 YC::96&E1&2

C344ON FLAPA~lIELTA33AP*ALtA1.9AUM#k

ZOOM%~ 8CTA4d(513).9rrAM(513) ,IJL 3(,Xll(25C)tXJJ(20C),XZX
3qv 0 V Xf3J%DA2AA32339C2::

COM40'4 AAAAtBS959 CC::#A$9g!,CS9O8,T!AU( 100) dGAUS(1OO)9NGAUS
l ~.. P4TE34A.. r:9'T VE 3 Et3Ai- XI IS ZJTIVdEI

- 43TE TILT 231VIUSLI ;lLY DV SI'd3J.AR IvT!.GIA dAS
F:& :.kT&rc IN 3:ASC&3AN :&$SAIE.

srE rir Nr Jw T: 3i51 F3 FJJA I'4TE3ALSv OJT F mICi14
T;0 AiE 0 SIISJLAR TYPE*
ltI(C~l*E23) s r) 9

S3 TO 12
9 13 13 .TJz1,TC

13 Ks1(jrJ)zfEi(JrJ)
12 DAI:3.141592653

33 S2 LZU 10
BETAft(IZU) = SSET.A
BET&PM(IZU) zSBEcA

12 CONTIN~UE

.:SPAZ=4.5vCSPA:E

A32lS!RTCESTC1)*I*)

A83 Z A930036

31_C:BcTA4I.(J3)
tlovi.ra)a 3C::3cr&4tIJ2)

VrA:9JC/A33

SPA:CSPA:E
1CIWi.T..P) SD TO 45
XSv0:-1**Sa..:EF.O4~T Id-1)

te SPACEZFSPA:E
XS(:x3c.r SDAZE.3ITId-L2 0)
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46 199I&E2*2) 30 TO 6
1'(1~q.1IJ3) 63 to I

6 ISXSQqT((1 .. KI(4XSrTf1)-NS())
tSAI a~r C(X5T(3)-4S0/(XST(2)-9S0)

xb1:-1.*mCS2 A.
EP23W-t .CSACC
E.3~:xsrtl)-4wsPa:

vSl:BETAl4(1)I SQRT(Cl*+X1)*CXSTtl)-XPI))

zSAI z SGRTCCXST(Z)-x~1)f( xST(3-(Pl)
rS&2 ZSGYC (XS(2)-K'2)t(XSTC,)-E'!))
'3A3:5jQtr((XSrL2)('r3)/44ST3)('3O)I

:31=F51.FiA1

TS2:-FS2*gSA2
z53zFS3.F5A3
rs~zc3s4*Fs

ff3z(9523AA)IAE3V)

L9(1u3*CQ*2) GO TO 21
33 rJ 22

111IU5.EQ...PKI 30 TO 31
3hl1u3:0.5.(:-AI1J3.1).#A11J3,2,))
;j to 30

31 SrTOx2. .UrTANCL'I4) -37TAN4LO(.1)
l3AzX3-7T-PACE
FPlw:BET/ST((1.eX3A)(XSTC1)-X0A)I

SQVIB 2 tr24(K4T(2).(3A)/#4 STCO)-x3&) )

So T0 30
22 'A41.3) :('a3.D4)/2e

3: 15 JAZZ290pq392
i' (A..%'4)SPAE:9PACE

1!II K.1A(JA)4&..cA(jA*1)*FI(JA*2) ).SPACCI3.
19CI.E3.2) ta0 13 35

1413*1.

L3f4AzLP!'.5

!'tZU3e3C*-24A) (KJZj99
33OZz(3TA4(1)-6-TA'())fx(1

4ff#gzWPAIXKI
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FT 3--FO I

33 202 IT'Iz1,-(J,2
7I=FT3
vrJ1:VJ3

trr3:Kr2*!I:4

3 T&3=9 T.&2*82y

5£ TT 3:8ETT 2-802

cS2A: SGUT(CXST(2)-' 2)ICK(ST(3)-XKZ)
z33A sQirc CEST(2)-ii3if(xirc3)-xm3))
FV2& SrT(XST(23 -CT2)/CKST(3)-ET2))

rS 2 : S2*S2A
JrS3 :rs3*cs3A

7V3 C V3.9V3A
9J2s(9S2-AA)/(x42-f)

:12:(:V2-f*A), CXT2-Y)
tt 3s V 3-zAA UX 13-f I

XA.$5CTAN(LPM).2..S2RTCHFF)I(462.(xSTC1)-Y))
XA4A 2S~irc(EST(2J-I3T(1))/(lSTC3).tSTCI)))
XAI Z XA&XAIA

XAIA s6T( (XSTc2)*..)/cXsrt3-"le))

%li:XIi.X12-l+Iiv31%

;j rz 3b

XRl:X5T(i) -O.5..4FSP4:

CT1zD.5@C£T( V .5TA'fl i) 1/tm SgqT(C(1 .XRi) .CXST( ii-XRill
FT2:fl.5*(5ETA'l( I) 9£.TlAdC2l I S2RI(1- .XR2)*( STti) -K12))

~~ ~S2AT(t(1.*wt31.ctxsrc1)-XR3 ))
'14:O.5.(5!TA4C6PI-1)!CTAI(L'q)/ Il2RTC(I*#X1I .CXSTtli-XRU))
Ff1* z saTC tNsrlZ).(i)I(r( 3)-(qt ))
ffT2A SQRTC (X.ST(2)-XEZ)fg XSt(3)-xft?))

IT11 z SrqITI (STt2)-Ill)#IXST(3)-VR*)) i
8T2a : T2*"T2%
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'T T3*FT3A
Ir42 9T**Ft44

rl:(zT3-AA)/tXR3-rD

1123=9I116IP2

9412:22
gqJ=21
42ZMLI-2

1C1IU2.Gi.L-qA) MJ=L1

a :SS:2.5t3ETA14tL~'9TA,C.3 l-1)I

BE.SSI1:0 *5SE TA tqCI) *3E TA C 1))

C231m:tl1
911:0.e
U 4zo.
DO 129 ILz1.MZ2

t3zt2*.qSPS
X21z.1..tlSa$l.FL0AT(IJ-L.)
43l2"21-1i3261
BETA28ESS3ErYF.OAT( IL)
a :.T43z3SS5.3Ety.at~r c i41)

3 1 l. 31:EA 21-3 2

tJ31A 2 S21T(CXST(2)-X31)IC KsrC3)-X! 1"
9.J21 = 0U21*FJ21A
1 J31 z cU31*FU31A
-1 21:Ct-JllI-AA) I X21 .1)

wJ2=8BTTA2/ SQRT( C1.6K2)*( KST(l)-X2))
'J3=3rT&31 SQRT~tI ..C3).t sr6i)-x3)p
cJ2A z saqrc(XST(2)-jr2f/txsr(3)-X2))
Fi3A z s3~TC(EsrC2).(3)1C9Sr C3)-K3))
7J2 : UZ.'U2A
9J3 : J3*.J3A

El11 .*4f$MSS*1.CGl .ec22 .. *33L 3,

XIAz2..sQ~r(msps)*£rOd(..I')/A.32.CESTC1)-V))
XIA S0RTCCESTC2J-Esrcr(1 ,UsrC3)-KST(1I),

XhA z XIA*XIA&

109



113£ s s2oT(XST(23OL)/(XST(3)*1.))

XI! aXI8.1XI23X4A3/&

---- xV.yZ1.113.jST4q).A13139 41 1

*J T-41S IS LESSA-r T4S AC~ SI4IS IVSGA A N.&

X:AZY

XZ2=Si2A3.0 (13.

12 2-49 22

JSE C'4-3YS4-EV-SAUSS IJA3qrtJir.
AJ(I) ARE A&REA)Y C&.:JL4Tt) t' SJACuTXNE 21'TI

- i £ 2 4SSE3 3'iT3 3Y C~1434 STr-7r-vr.
44 15 a 0
3c5: (xsr(1)#XST(21)#.5
:435: ($Sr(2 -4srtC)i*.5

£32:z C-6I::5+xSTcif:43
3 120 ISJ'R --14-3

,4A2 (1C J(15J41*A31)&*I 32-4J(ISJ4) )
SIA2 SgRT4Mi12)

=5I C435*A.J(tSUv)*9OC5-Y
1.20 4I3 2 Xx123#F5I3/c34I3

JJ2? 2 COC4ttZ0t/3(XT5*AIXTT c
4 Z:CCI-&6.3G(JJ2Z)2IIA2

XK15 z X113&A33.&t13
- -L-----------

JSE Cr9EBSyS.V-GAUSS &JAORATJ4E c~iJL.A--
* -- fTM4(1 AA! A-AkY :'A-:J-ArE3 K'
* SJ941JT14r- r1LVTL All P4SSr- .'41C A44E 3Y
- :34104 SThtE%r4T*

ra:s : (xsr(3)oxsttz))*.
r ~s 1sri3)-XST(2))**5

A?2 (CPC5.E5TC1))194C!

33 130 ISJ'9 8 U :3
4AM a ISOTA42(ISU44I 1A) (.4 AJ(I SJI))
43X (AJ( ISJ41)AA$. 1 J(15J4)*4A42)
SR91 a S4Rr(ft3R2

Rox r MC5.AJSUq)2*Cs-y
150 4(1* 2 xxL4 * f:x,134
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K(I2XXLI*XXI2*(KLS#(914
IdP1T1:-2
IdAIT2=3O
IJR~IT3z:6O
I: t (I Z3iRIt 1) iRI Tr Ss.5) XXI lo XX 29XXEL3 XXI~ , 1

12* IJ*G1s.~Io'9d~ P:.,(S5! 4I XK2KX3X)~

ItOCi 65)X19X2XI9X41

VI9 4

ri R 4
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CuOM40 YC^::,53ETA2

C34V4Ci CAVXC100) ,:AVYc100)cTA3icrTACqXCCCN:A~,LP' MNS2

C~O44 XSMI71 v :- .!',CRC,9YV.Yvx1tERASXSIO(7) ,SXSIOO(7),YXS(7)
:34424 2SIZLPSAiCE513) ,SAAC:513),oL'qOE
COM401 SCA(1)o-T (139J KXXI(200),gJJ(200),EXX
C34434~ XIRJ4D, £2Ak932339C2::

Jsf SP~pso4tS RUL.
)) 1 143 197

1 XST(I40) YXS(1I'O)

S;ZSIN()r-LTA)
4S2 S'40U.) 4AVr A rA:T)i Or 49

N4S21 NS2+1
4S24 4dS2-
S25AP S(VSTC3)-XST(2)/f4S2

J.J2 z :3 ( -A + 4 4 ) : S gs ( ) l.)X T 7
10 2 1S2 --194S21
XS2 2XST(2)*S23A2*(I1S2-1)

X4S XS2-XST4a)*S)OE
XIAS2 zx'qaS..2

AS KST(&*CDE
ASO?2 AS**2

3 D GAA&KO/CC lk&i2+&SO2) *2AI)
V (132*E3.1) GO TO 5
Ir1 5*E*S1 1D E3 (4
A&LL S2 CXS29ANSG29I%2)

32 :A-:ULkTrS &2 dIT4 XSI S3Urd.
(4-2 Z -XP(-ANS32)

I CI.E)~0)AMi32S(.j32)zA4dS2
S2A:(UIS2) z (.^2*3d)(/JJ2
SO TO 2

3 :oirlI~J
S297Rt1) Dwax/saRr(1..XST(6))
A~s32S(IS2)=A.03(s2irC1..I(sr(s)Ijj2)
1) TO 2

4 :3fri4JE
S24r.;t(4SZa z Dd3K/JJZ
A'dS aZS12) :0.

2 :3irIIJE
12SR(1) z 0.
33 10 JS2 2 loS2A92

10 S2SIUJS2+2) -- S2SRCJS2)
l.(S2KE3(JS2).4.'S2K iCJS2.1I*S2(EI(JS2+2).-S23A3 /3.

LMtCaE*3 21 T3 :0

33 30 ISAA::-2,4S2v2
50 S2SRCISAMtC :.5.(S2SU ISARC-1 ).S2SUZ SARC.1))

So 30 ski:=x,4sa1
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3C S~it:2(I SAR:=S2SRC ISkR:)
o camrzIU

AV5zSZSI( 211L
RrTJR'4
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SUBAOJTIN4r 1C2 cSRqS4, :AISIC)
DIMENSION (ST(7
COM40'd YC::,SSETA2
cj44ai, xir4(2O0o,rITv2oo,,A'4S32Sc23s) ,SARC2(203

:34434 AJ(10O),IS4Ai ,tdC4BY,33T N(12O),BSTUJ2( 100) ,3E1A4d2(100)

C3.4404 SsETAqgEX .I6'*19S4R:G3C5l3)

CZ"'4N xS'4(7)9 ,C'oRCYY1,XlITERAqSXSIOt7),sSSI07),YXtS(7)

:340 XRJJNO9A2AA,4323C2::

20 1 12% 107 C
1XST( 13%) Y'XSi1')

Yl Y1.1 Y.2

I L t CALVI TY 3: O S 1 (Di 5) AND III ZAJilY.
2 :4LLEr2 =A: :lT4Tr CO ~

S -9 St . )

31M^,=i-XSTC 3)

? 11:541IC/Siq

422=:A.xsrc2)

)3 7 1 I = ~19 14:4By

i3:(AJ(ISJ4).S12).CAJC1SJ4).323)
St.5zSoRTtiA/RS)

X3Y22XPX3*.2
biq2zXXP~2*YY12

7 S4:S~i4SA-3AId
341=3,.141592654
SR=Sq*PAI/4CHBY
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COVICI YC.^,tSaETA2
:)i4O'i xit4!C220),41T'dC2c2) ,A432S(21U),SAIC2(20OC)
C3MMON CAVX( 100),ZAVY(lO0),3ETA3,3ErACXCCC.NCAV,6F"0-,VS2

:34404 S8ET&.KKA,1CPI9SARCO)( 513)

CDM404 XS4dC7)9 :-,-ERCYYVXptItrRAqsSSO(7) ,SXSIO1Q(7),YXS(7)
C3~~ 44 2S1ZgL0 ,3AICt513) ,3AIC2(513),L2490O-
:3M'4O0d 9ETA (513),i:'TAM(513),1JLKXII(2O0 ) ,JJC200),X:X
0C' O'd XR3J~I0,A2A4 *32339:2::
CD40 AA&A~o3o,::::,Ai33,33,rsAiscloo, ,AJSUOO0),gGAU;S
SJ;:4OJTINr rl1.STL CA-.:JLAr:S T-i-- 1~TE'GRALS 1.' :r 1)

1SmA3 1 OR ROJN)2") L~---IS
I- 1..S I-idE R J43M) L.E.9 :173YS--AUSS
JADRATUE
;A)rAT~i r )4.J-k. :kq 43 i JSEJ.* SINCE BETA

IS .O T A S! O T.- j IJ:tN\.
N:rI5Y= NJ'43ER OF Ci73YSir--3AjSS !JADRAT.Ji- :31T Q- 23tNTS.

2L=3.14159^-5;4

)3 70 I 1,7
TO XST(1I) XSN(13)

;3 r 12
Do0 11 IIH 197

5 34J1 (XST(1)+l.)*.5

All: (D42-XST(2))t/)4l

-ME5=:(ST2)-XSTC1U1*.5
431 =(3C54101/435
A32 =(-Q3:S*XST(3))/:"95

rC15 =(XST(3)+XST(2))*.

SPACE2 = (XST(3)-XST(2))/--P4

L(-'C7RL.!-.-2) 33 T) 100
1UCI.J*SE.2) GO TO 130

CSAC z1.+XST(l))f7L0AT(-P )
SPAZZ

12! =
-1.M:

S3A7:SpIE
30 20 ICHBYZ1,N0148Y

&J(IC13y):23S((2NI.1)*PAIC2C4ISV))

:0 '.-IA.rJi~l 43 Y) 433

22 I6'XCCK*Zr'-XKSI GO TO 21
V(LO4*3E..P4) S~k S3:
XECMK 2X4AK*SOA:E

12! :l
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33 TO 22

- S Es XISTS 3N~ XSI(104-1) All XSI(I3M1

33T44Cd13Y) z 3ETA4(14).( 3vTA'ICI3)-5CETA'4!A) )
1.1 x(S1-XCICK)/S2ACE

- 33T4 IS JSr-D "2 :4E-3YC14-S&-J.SS 1'STEAD O: 3EA~
13 TO 20

435 33TANC1.43Y -- SBETk
-*T Fli IT isAs'2*: IS o Id03141*
20 ONT1'dUE

120 :34r1'dji
Iw(<CTRL*2'1*4) 30 T)
1: (<:TRL*7;i3) G3 r3 3
z i:RL-rr..2) GO r) 2
I: tIIR*41 30 ro 10

Irz0.
03 1113 IS JM = 1,NC-isV
43: CAJC1SU4)4All)/C AJISJ4),Al2,

110 YINT 2YI4T *85TA1(SU4).S!RTC&3:)
Y14T YL~r.p,&Ii4:i3f
;) TO 1003

10 0ONTIVJZ
*riis L.s ri-- :ASE 3-- 14q)-.I13 LOo ..

4OF = 0
2: 0.

- : IS 15 Y 3 4-t JS-?3 F34 (5) I43Xr4Ed*
;3 To 1030

2 :3rI4.jE

X:A IS OUMMY.
LSI:2

53 T3 1000
3 CONT1'dJE

-- Li'53A. O3 13.
%,)J(N) IS CAL0-JLATED AN) STOREO

YI14T = 0.
00 120 ISJ4 19,N:13Y
A31 = I.-AJ(ISJq)
432 z (AJ(LSJ4)#A31)&'CA32-4JC1SJ14)
S;A32 =S2RTLA92)
A9C 2431/'2AR2

120 YINT 2Y14T.ABC

YIN4T 2YI'dr.p&4~:43f

3T: 1000
- ---1~rEGdA )R 14

S:E 3ET&AC,) STA'd rtf 443O tr AR.-
- EXP TE3 T3 BE- &LdAYS SMOOT1, USE S4UGS-
- ~ iYS-frV iJA3R~rJi: zq4.
- AJ(N) IS ALREAOY CA.:JLATED@

I-- THIS IS TI-- M1'dST ^ASE C)'t 3BETA'429
- *SE A Z34ST44T cOR 3rETA42*
- 93TAN2 IS JSE3 -34 :47.Y-SAJSS INSTI.AD OF Or:T&N2*
4 :3vri'dJE

1--IT-Ri 3--2)30 TO 150
1 - IJ;;.1.2) GO TO) 211

-S8-r£A2 MJS? 9-E READ TOI TIE 'IRST qU49
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)3 e3 IC43Y 2194Iay

110 3iT442 (1:13Y) SBarrk

115 3'T&X21O::=SBETA2
;3 r:) 181

150 CONT1 dUE

124 1
X~-K XSTC2)

33 172 IC43f 2 19V4l3f
XSz CAS.AJCICISY)+ CI5

XCHI( XCHCK + S2A:7-2
L24 141
3T2152

151 C3NTI4'JE
lalqA z 2 1-
BTIN2(IC15Y.) = 5rr£'%2tIOlv4)

ILM:IC-iBY
X(SI = r':A5-AJCI.q I,..:15

131 :ONT~IUE

0) 193 rSJ4 = 1,04:43Y

A32 2tAJ(LSJI)+41)*(AJ(LSJqI*442)

S2=3 S24TCAB2)
1J3 Y1?%T Yi * A31/SI432

'tINT YI'AT*Pk1$NZ-i3'f

Rl:TJ~i
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SJBRDJTINt CAVITYr (x::qYcZ)
r4IS S3J3)JT1VE 15 CA-: 91) 3XT4j?4 r3l =5).

)I~fNSION CEX(I.O),S<EY(131),ANSIlC 1001 Sql2(1O0),3IC3I3(10O)

2Iir4SL4 :AV(X2,2) ,:A4Yf(I0)
CO(31404 YC".sSBETA2
:34434 XLT4(2Ot)) ,iIT(223),pA'SS2S(230) 9SARC2(200)
COMA01 CAVK(100),Z AVY( 100),5ETAS53r-TcoXCZCN:Ai ,LPq410AS2

^34404 S8TA.Ezq. IC0ItSARCOO( 513)

CDM"O0J XS4JC7)o :...ER:,yy.Yq~irERA*SXSIO(7),SXSIDO(7),YXSc7)

:340 XR2.jl, A2AA ,3233,:2::

X:'-: IS ?-HE CAVITY r-O4 2 OINT :A_ JL.ATr_0 IN SUE. CAVITY*

SOEL S14()ELTA)
'k 3.141592b54

03 1 .3A=197
I XST(6342) =YXS(_.3&)

4CA VI:NC AV.
:Avs:z Cx3TC2)-xst(1))tvZAv
..CAVE TiE AST 2)14r OF SI z SI: T-IERE IS A

-SI4:iJLAiIrr 231 Sti4...r S3IA_ V2iEX 433--o
30 2 (-4 = l,CAVL

1' (KLM.E2*1) GO TO 3

32 10
75 A4SI kC~kI4 ANSI1(i(...M)4

132=

Ig (IJ.E1.a*) ANI0 <M T= 7?

;] TO 78

-- 1:3 (S) :ACJ.ATI34--JC I3Y.-AS

£31 : 2 1 .1):'B
CAL CA-ST(2)CAIS

34L S 1 'J16~rD--S' I * I 118i~



E3=SGRttEK1/#-K2)
--33 - 345*<3
I- tXJ.CE04) G3 TO a3
SIC5 0
22 5 15.1: 1t,4:.f3V

S7J1 SQ~f(EJ1)
E; = .l-AJ(ISJ9R)/S-Jl

!?:34 CM35*AJCISJ1,9aC5-KA
5SI3 si = SI:5,(EF5--U533.54rCLAJISJ)*2))IE:3&

SICS =I3PI':a

- JSZ C4E9YS-irV-GAUSS 3JAORAT.J~r :314J..A
IX pTr~lE l 1AM'i-I &S r-lkt z3R 14 11

Z5=cKSrC3J'XSr(2))*.5
ri5 xsr(3)-xsrt2))*.S

441 =

S124 = G
22 7 ISUM: 1,4CM9Y

3 (AJCISJM),&41)o( AJCISJ4)*&2)

RO =41C5*AJCSJM),5:-KA
7 SIZ4 :SI:4+R2^/iD

SIC4 SIC4&PAI/NCI3Y
L:CIj.E21.27) SI:414(L..l)= SL24
30 T2 33

12 SIC(&:S:10IM

Ir (L..EG*27.ANO*KL4*.E2*2) iqITE(6955) ANSS~tSIC39SIC4KLM
U 1: .32.4....5 MIrEC 6,55) A,Si .SI23,SI:4qKL4!
IU CIJ.E6*27A..KLl.E 2*EO) RITEc 695!) A4S9 ~S3, 7SI C49KLM

55 23RAI ClOxo*---11,(29l3*I4 )z 2AVlfY ARE ---.*,4(El4*7,2x)92x,
A* Ll=*9I4)

- iZCXSI) lfE('3 ALRE-A2V CALCJ..ATC23.

SO TO 25
3 22: =32*TA3,PAL

;3 TO i5
13 3:=3ETAC.34

BEt%3 AID 3rETA: 3o2y 44I.;-.s AT 3 442a 2) j.ST BE 1:EC I~COMIle
25 C314TIIJE

Kt m CA'2 C i.
YY CA-XST(4)SD. '

YYT2 2YYT**2

XXU2 =XXJ**2
CY3 Z Vt2#4XJ2
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34oK DS0AD.EKS/(XY3*3A1)

-~ :SIN3:)

:--Z 36- 3t/SC34

SCEI (A(LM) SGOC

CAVXXC1)=Co
ZAVYY(1)=30

:Agxx(ICAV) 2CAVExtl:AV-2)#:AVS*(C(EXiLC&V-2 *I.*

15 :&VYYICAV) = CiVYY(L:AV-2)

3) TO 101

133 53102 "4CV1):V.
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SJBROJTINE 32 (XS2,A329IS2)
)1l2'lIiDN EST(?) ,EZ21S(23D) ,11223 (200),XI25St200),XI2A5C2C' 0
C3'4 04 YC:CSBETA2

COM40*4 S1ETAEM'qIC*I#SAqCO3(3I3)

C343 XS4(7)9 :-.ER~CfT:YYYqX~,irRAoSXSIo(7),sXSIOo(7),YXS(7)

: 44O0 ,JC00.3

C34404~ XR3JtA2A%932339C2::

- TAIS SJ~rIJT1ME IS ZA.LED BY OFS1'q59
* TIIS sjq3~jTrI4E CC~.:J-ATES --4^l' 324)(S2) o-fl
- E'IC-J)7S 121(2(52) T1 124(XS2).

x 52 Ii xSI- 4;2 IS rt:. u-r~ 3z [NTERALS.

I xST(I~otVyxS(1Qp)

-'I 3,~*41592654 10

- 4E SAlE ivrE3iAr1I'd AS TI~r IN
- SJ3UJT.idE :AdTY :)A !:(XSE)

X121 2ANIS

- 122(XSL)----.
JS- 4?TIE SAAE su3aur11r 1:2 AS

* JSEI it CkVLTY 4LTI LSL:2L.
xsl:zl
:4&. 1Z2(3lqSlES2q1 OLE)
X122 zSR
431r-tE VAT Sl IS DJ04Y VARI43..-*
1rrczJ.71*40) X(122SCIS2) Z 122

* J5S :l3YI4V-GAUSS aJA~iATJkr C344J..A
I% r-XEA'T.Y S141.AA IAV4ER TZ TMi&T IN
; F51143 :3 13.

X12! 0.D
z-: xST(ltIXST(2))**5

A51 z SPES + 1.)-tC93i
432 = -82:5 + xsr(3mcI~s5
33 2 ISUM =19N:H3Y
-141 = .-&4(ISJ4)

K2 (A.J(ISU4) * A31)*(A32-AJCISJO))
S'1A2 SQ~TiMtA2)
C313 'iAiIsiA2
c3*I3 zC435.AJ(SJ41#9PC5-XS2

2 tt2S XLZ53*3L~f3kLU
2(123 z X123*PAI/NC?$3Y
11 (ZJ*E~o4O) 2123S(132) z(123

:--6- -124 --
- JSE ,4E3Y:4rV-6AUSS IJA3RArJ~r

- Et4JLA ay £534l1q;. TIAT
TA Yt (EqlEL FC-49 15 S403T'l.
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4*V z XS2-IST(2)

(KST(31*XSTC2))**5
24C~5 2 XST(3)-XST(2))..5
A'I1 M 72 *I)rC

tA42 z(P5XTl)xC

00 10 ISUV = It NC143Y
T3AI A-k(ISUI)+A*1
TZIA2 z A..(ISU4')*A42
SrP S3Kr4TPA1.T 3 A2)

05TAN2 IS C-iE3Y-GAJSS VERSIJN CDR 97-TA ON T-IE Sr-CON) ARC.

Sf2 =Sr.RT(l.-AJ(ISJ4)**2)
-4 =Cc5 *8r2.(3E-rizCis2 )+,iiti41

X14 X124*PAI/C1BY
i-:r%2 1S JSEJ c3l~s~ L2Ot J-r
X66 ALOS((XSTC!)-XS2)/CXS2-XST(2)))
132 15 TRAISF-riEo riujGi ;2-&lGj4:4r*
X1242 X2 -3TN(S)0l/l

IlItJoEl.40) *124S(IS2) =24
10 TO 161.

130 K121 = I2IS(IS2)
X122 =X122S(IS2)
XI23 = XI25SLIS2)
X124 X124S(IS2)

III S24 z *E121/2AI-X122
)S3=CC1^-Ai.03(COS(4.Al.3A44A )f'JS(EST(5).;A4.IA)IXST(7))UPkI C

XS2: z XS23*XI25
432) -K124/ 3 4L
A52 =CXS2A*XS2:XS2)rid

1: (IJ.%. 27#AND*ZS'2 .l30) diITE(6, 52) X1I2.I22vX1239(I24qIS2

A -IS2=9914j
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SJBAOUTIXZ4C.MLNT CS~gS4*41as

CZ43 k1tl(200),X1T4(2C2O),VS72S(200) ,SARC2EZO3)

COMMONr~ ,4a .3&XAXq~gA~t*Yty: JSG4 513)1GtSkLor

Ct41:PS1Z, SA.U53 GO T:3 10,O

33 12 1! it? C
12 XSTiI5) N(5

I C ); 1 LS 19
I XST(IS) YXSCIS)

X X X ST( *6 IN (O.T& I

Y112 YYI-*2

3: tXSTtl)*XST(2))*o5
431 z (BCS5.10)fCas

kll C3!15-XST(2)f32515
AlZ (2M15-XSTC3)13Jl5
-Z5 I csr(3I.4,srczi)).5

£141 z ~:4.,C

AI2z .3 IS - ~ X 3 ) 1
I: ~ 3: T7 2

- ?-I-d1.t AN Sr34-: IN :04ON ARC4.

:) 20 14U4 -- 194X:43y

! = (AJ( ISUi)*A3l)"( A32-4JI ISJ!) )
Sly1 = sairta1l)

-x22=I2 2
r Ir 2 C22#VYL2

SR SR~l23*FF31
20 34 S*z3F3

31 r2 1000
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2 C3r1VIN

I~nARD 1 !CEANS THAT. T1E F31L 4AS IOUNDED LeC.
- s3 rrk TIE SI4DS3%3 RJ.-- LS JSE~v
- IS'tAR3 0 4EA4dS TH4T TIE rDIL 'lAS SqARP L.

S3 TK&T Cir-BYShCV SkJSS F~ki4-A C44 BE JSED :53 E..OA.
3A z 0

o3 30 LSUJI z 1,9dCl8V
ST11 a AJ(ISU'A$*A11
sriz z &J(ISU4)#A12

v 3 3TA4(ISU4).wS2T(ST1I/STI2)

J*12 Z jid1..2
.;413 = UN12+Ytl2

C(12 2YyIItJ413

SQ 4 z 2 cIFI

50 S S14*vQ*Fi3V

T41S LS TIE '.ASS ThAT T'lL- 9
2

L 'lAS A1UDE Lo.E.

XKA = 3
:ALL ;) SI4hiS&, NOc9. A

( :A LS 3J44Y---- .%-f Ji:- c~ z(5) 14 31cNCi

sjo To 10OG
3 :3vri~JC

* JSE C-qCBYS4.V-GAUSS 9)R'4J.A S14CE a8ETA
1% TmIlS RC,IOX IS S433T-4.
i3rk%2 (ISiJ4 Air- A-IrA4Y :&.ZJ..ATE) AT T1Tt

D0 Se JSUAS Z 1.94C4ey

PS4 ( A~j(13SU4)#A41)*(AJ(LSJ4)+A42)
SPMzS;RTtP5iM)

PSN 2 MC5.AJ(ISU)*92:-xxI

vc 2 PS41(PS12,bY'V2)
2r42 YY1/CPSNi2*YY12)

34 SR&PAI/NCHBY

!' TO 1000

4:KA Ii OJ44V, 346L1 Ji3r) 'JA 1:2 IV -(5)
IZA Ce0

- SJ84OJTINCr 1C2 IS A..SJ USED 14 r(5)
:&L- 1:2(5qSI4XA, SIC)

1933 ~:JRS
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SJBROJT!NE SH&Pr-(X*Yo3ETA*IS112)
C3M4O4/ FRELCAVJXF.IEE, sY-E.

:34404 YC::9S3ETA2
C340'i XITII200) ,xiC20O),A4d532S(2)0) .SAftC2(2OO)
COP44ON CAdtC100),C'AiYVC )3T8: -T.oXCg:~L49S

C31440M XSM(71* :',Ca:,'.YYYKtl,1TERA.vSXocG7),SXSIDOo7) YXS(7)

COM04 SEtA4(513),8r-TA4(513) ,1JL'Kx1iC2Oo),KJJ(20D3,xXX

PAI =5.141992653

)L3=X 0-3
ES=Sli r (X)

: .4=X X

(L23:.2e*3-
K2S3T(.2)

k2-k:.2.*K2s

x~szs2qt(.9)

.Z JST CI'C'( TO SEE I. ' Air S:143~ TO CALCUATr Tr: Top P&ir
3A r-t- 33'134 .ARL. Ir r2 dE TRA4dS--E TO 240 SAL9 3r ROUTIVE*

il2=3 L3 is---; ) :%-:j.Ari~'is J32Ei FDI_ 'I~tFIL-

Ir Cx*..E.*2) SO TO 15

( :2X.e323B0.T)20.

YOXZAZAA+9299*2.*W#Z2:C.3**(2
3rTA=AtA4d(T~x)

i3 TO 60

3ET~xxATA%'( f3)
;0 TO 6U

C flS 2ND IALF OF TrIC A3JTINE IS T:O1 :A-CULATINS TNr_ 'JPOE HALF

SC I (l5l12*E:*3) GO TO 70
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It (X--:*'%.E2) a) r3 35
It 4KrIE:.-E.e. j ro 2.c
It cX:-REE:.ST..8) GO TO 55

70 :J4tljr-
I- (X*Lr..2) Go To 3s
It CX*LEe*S) ;D TO !0
1 (X*ST..3) GO T2 555

55 TO I31LZC.)~ O5

30 R1:G.

I- (X*3T**2) 30 rO 43

ftZtA2&Aj.2.52iiJ(3.*2Z:J*2
3-ETA=&TAN( YLOX)-PAl
i3 TO 0 B

40 Y2=2AAJ..2*5223U.xZ2.C2C:U*X23.RI
12:Y2-AAAAJ*(4./3. *.2.6.#3..%2l-4.-22)-6E513j.?-:CzzJ-x2S

U1~.3..3~ 0 To 45

YOX=AAu(*c./.S./3.*.5.Es-6.*X).565U..5.:C:CJ/XS

.O TO 60
.5 Y3=48J*BSJ*.8*C9J*x 02tDBJ'x93.2

R3:Y3-43U-4-U. .3-CiJ* 52-03 J'(33
I- RI12~33 3=3.

YCx:95J+...CU.4.3.* OSU'X2
3rT4 =iTAV( VOK)2A
S; TO 60

so I? -c1sjI2. .) s) r3 9D

i0 R2=3I.

It cX*3T**9) GC TO 45

3SrT4&TANC(YOX) -AI
i3 r; o
I-U (IS112.EQ.3) Go rD Inc

3) TO 1;1

;3 TO 46

10 RE TJRt4
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SJ840JTIN:. C xYC(XCS*Y:BCxv:Y)
C3440~4/ Jeri t 424AU, SZiSU9 C2 CJ9 AAA A J 9BdB8JCC:CJ v A &88J ,C8UI, SU

= K

X~hzx(.XKS

I' (CX.L..j.2) GO TO 3,
1:tC~L*3 a3 TO 4
IF (CX.GT..B) GO TO 5

3 1IAZ4A J*E<.5253J*X<2.:2'C:J*K(3
F2=2&2AU.2.. BZBBU' E'(.3.C2C:U.XK2

X.(:XK-OIV

Z:ABSEO1V/X<)

i) To 3
'4 gl=AAAAU.'4/3..X../3.*XK4-4..XK2) .5SBu'XKC:CCU*XKS

9 3 :KK-C X

IP=IP.1
ZZAS(D1VIK()

5 cl=0A~Je96..*XKC8U*X<2.DS8j*xQ(

cxK=Fl+(F31-2-CY)

01zFs-3Ox

K (:K(-TO 6

SOTO 5
6 c ^_=:x(

IF CCX*LEo*23 YCB:A2AAU.XK.5235J*XK2*C2CCU*XK3

4 +CCCC'J'A(S
19 (Cc(.GT..) YCa=AJ38J.K(+:SJ*X<2+D3U*X<3
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SJB40JT1Nr ARCS2(S2, K:,YC)

COM4oNIUPzrI'A2AAU. 323SLJC2:CJAAAAJSBUCC:CJ, A8Li,88JC8U,8U
(0 IS 147 7-)PJIr 3z Ti4- J22t' --DL OFFSET

XI.'4.Rrz ( CXD-XC ) /5G.

LS 112=1
S2=0.
3 24t IIN:=1,50

'"S2:s2os

R rTJR4

r '4
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SJSqOJTIN:E ARCLEN( XSSXLXN,1S1.12)

SXL?4 (200) ,lrt(210 ,&4IS32SC 270),SARC2(203)

C0MVION IDULXAKegx:,rANlG9E
2,rC, oB~itLIS9I~S4L9

:3.14~ xS'(7)t :-rE--RzgrvYgX~,ir7-ASzSt(7),SXSl3DU7),YXS (7)
:34AO PSLZLPS(RCC 515) iSk(i513hLP'4OE

C;M40*'4 AAA&A333,:C::,AS,5g9C5,B,T3AUjsc10O) ,.GAJS(100),NGAUS

N=GAJS
)) 5 J=9
T* C . 3) ~A JSEJ.)

5 (J)=AAjS(J)
SJ~I.
)J 2 J=194d

2 SJ!=SJ.+ ItJ)A J)
Ass:s.j'
1-TJR"
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^)%14.OJ Ur1'4 C2 A, ,%J 3 .39,24 oAA 33 C4, A8J 8JCU9 SlI2

*:ovqo'j -LA3 ANvOELTA, 3SAP*AL--Al9SA14

CM4UV SETA4J(513),5rf4'1C(513) ,-JLP'~,XI1(200)qX-JJ(2001,XOX
:3443ot XKOJ4O, 2AA93233,c2::.
COM404' fAAAB333,.^CZ'-A8,539C3,O8, TSAJS(100),dSAJS(100),qtAUS

:)4 r =1

S P SiR T (X ;l)

I"(XP.SE..o) 20 TO 1

I--(XP.L- .*2 G) O

22=5E33
R3=:5* ccc~fSX2

U (IS112.7-lol) 02=353UJ/K

S) TO 2

-72:3233.S(3*1.5
P3=2.-C2C:*XP

x~ (32123.1)P2=3238Su*SXZ*1.

4 :3'(rI~jrE
21:424A
P 2=2 *.i233 *X~P

j(IS112.7-3*1) P'=2:'.33,.

(1S112*7:0.1) P353,.2C~j*K22
i~i rl a

I- CIS112*.-0.1) P1:33J

(lC3l12o-'-Q.) F3:SOU*X'22

P5=1 ..P42

r HX- XL ). 5
lZTJRd
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SUBROUTI NE MOS7- (A,3,ER1,tR2.XJ.XL*A, 15112)
J=O
(I=&
xz:5

4 JZJ.1
10 tJoaCoS00) 10 TO 9
CA--. A.RCC ~lX.2# 9Si! 2)
:&k.. 2ARC(2'X29ALP&9(2vISlI2J

1 K2:KY
E1=K1
U (A-3) 10,10911

la VZX3-rR1

53 r3 12
11 Y=X3*.-Rl
12 :A'-- Ai:(2 YsX-2AfrlS1IIV

5 x1~x5

GO TO 22
21 Z:x3-:,R
22 CAL- ?AR:("Zvx-p4$Zq1S12)

;)~ ro %
2 23= ABS(PTX3)

6 X:X3
33 tO 7

5 :qigr( x*24j:,13)
s r a.

7 R-rTJK4
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2 V~ C,%3T*23) 4=20

12 3 4=194

4 ZZ(J.1)=ZZ(I).(x-)rxt))'tZZ(j.1)-ZZ( I))f(xxcI,1)-Xx(I))
A1T.KE4=ZZ(4*1)
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3ER4rt tEVLsr-D 02-26-75

D14EISIOVi & C5O,50),SAV-rA450.50)

C z1I

)a 9 J 1.Nt
30 1 = 14t

3 SAWCkklJ) = tlvJ)

;J T3 13
12 -( =( K +1

13 1 1

3 T3 1.7

1.7 Ir t&9S(SA.VEA(tO) .;To A3S(SAVE-ACLtK))) L I1

Ir (L .E~s 0)63 TO 21

10 T-3 2 3
Z 4 j

23 SAVE J S&V.A(K,J)
SAWEA(,J) =SAVrIA(..J)
SAVEA(LJ) =SAVEKJ

U~( .N'. NI)50 1) 22

2B ( +
ZP0 7331

50 1 1 1
31 0 3TL4JE

IF (SAVEA(Kq<) CE3o C.) '43 Tl AS2-20-73
4zSAVE4(It() I SAW--A(-(,0

SAVrC4r(Iq<) = 0o

35J TO 36
35 J = j + ±
56 SAiE&C19J) =SAVr7A(LJ) -4 I SAVE4(K*J)

1; (J ..NE& d'd)SO T) 35
1 ;r ( NC I V' 4)30 T) 30
I ( .4--o CV4--)i TO 12

4 5 1. u'dU

41 3 0

5 1 3-kk(15 EUA4-$A7 13iDEE~t

I 594(1. 3 1.)ko)-7-4%qrST= . 1

IETUR4

133



SJSRaJTIN:* 9&3ETAC ( .43-rA ,S1Z2)
TALS 314ES B~ikiXtisi)).

C041011' YC:,gSSTA2
:3443v xir4(2OC) ,Kir~(2:o),AKS32S(230),SARC2(20)
CD 4'104 ZAV Xt lf~l) 9.:A 4Y 100) P-E qEAqC.9:A LmqS

c D 44 04 5E1.A.EX~lIC-71,SAR:OOCS13)

CDM401 XSNd(73, ::. -,ERCtYYY,(MvzrERAgSXSI'0(7)qsxsI01(7),YXS(7

C3~434 8rT&e-2S3),63r&'K(51:I ,1LX .O )sKJ20),

:34434 XRDJ40qA2AI. ,325), C2'.

7R1:5.E-3

1 5 S2.
:244A A: PIM- 1

Ir - .a.4 O TO 10

XLPA=XX
i3 13 21

20 SAALS=SAK:2(LP)

21 :324rzKJE
Xl A=XLP A

:AL X1:KAPC..021 9(3951

1I(AR LT.Co) 63 TU) 5
KlAkzxl
3-0 TO 4
: A-.. K2SEC KlAK15.rK1,vri2g(rJI I.2A.IS1I 2)
2l TO 11

10 94=0.
33 rc .l

11; :xx C
11A. VZY&~~112

v i
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C3q4 ON ~ E.A

COMMON CAVX(100)hCAVf( 1CO).9ETAioiETACXCCoN*A'qLP41,NS2

C U140 XS4 ( 7 ),99C t :,EcY Y 9 )(MsL R A s XSI G (7) o SXS IOOC 7 9Y XS (7)

;OM.I BCTAN(513),B--TA'(55) ,IJL3<,XXI(20O),EJJ(20OIXDX
C340 XIOJ'4D9A2& , 3 2399C2::

:&.-.. AA i 7XSS9A-2kwQ 39lSlL2)
i. TO 2

2 C:)NT 14JE
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7.0 LISTING OF PCASLDW

2Rw..3A0 P: ASLOW( I N;UTq0UTPUTqT A E5:ZI.PUTT A P izOLTOUToT APE7,PT.FPC 1)

'C'LINEAi PLiTIALLY CAWITATING CASCADE CALCULArI3NS.
5/17/1579 PROGRAMMED BY C. FURUYA.

Z----2R3A QEVIS; F rIxED CAVITY .ENdGTH VERSIDN ON 9/15/76.
C O~PEN~ kAKE m0OEL (8/16/1979)

C TIIS 4OCCL USES T'.C ST;A3E AAE (10/3/1979)

DIM ENSION YPE(8).XZCA) ,8rTA' (513)3ETAMC(513),BETA-2C1C)
DIMENSION SXSI fE2)XXXC 513) ,CPCS13)

C3HM0N/FC0ILEND/XXCD, YYCC

C:.4MO'J /CVTYL/CA VLE\,E2I S2

C IM!CN YCCC.SBETA2
C3!'MC XITS(2-: *xIrNd2 ~ ,LCC

C.MMC% FLAPAN. CE-LTA D' A PALFA1 GAI A
Ci. , N SBETqxx 9IC2I .SARCC:(5 13)

COMMON XS. t E), C LE,ERCY YY,, eI T;7RA .SX SO q) qX SI F )Y Xs(

COMMON XKO~U'JOA2AA , 233,C2CC

:0MIA04/ £0CIESPACE
C ~o~ C 'SIT AJl1/ JTA J

- zi TAN- -r ARC ! F: OE ULAP INTEGRAL.
:8,rIS ---z TE~z:LA'L- VERSI;% FE TAN

: "-742 r~r ECJALLY SPACE: :'CR--rT F: AP.C 27.
AA ii%%2 Q3: Zn7-YC4EV- :;A.SS ;vETA',.

PAT 3* .45 265 3

: ' .7 -T4= L-.EA; C-1. :. r VZ-. 7rAT F:=3T A.
2 * LI'.--AR C- - rR-,ln ' t * .AK-7.

\'- 
2 =1 A US / 2

!6A1) C ( TC-US (1 sAJ 1-!GS ,GUL

TJS;)= TC..JS(!AJ,:~AJSl' AJ

alITE(6*562) Cu.5A'J.iCI )si=5ALS2,,vAJS)
5 ' FCR!AT(4r2C.Li0)
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EAD sv56[) PqAAkAq952-9CCCC

RE AC 5 9 6- AAAAU9E82UCCcc~J
REAC (595iG) A8U98bJC8U,9CbJ
RPAO C5*56C) A2AAU9B298UvC2CCU
-Rt:AD(59795) 'JC.isy
CEAD (5P13211 SECTA %SETAaSC4*FET A3 ,sETAC
REACAO5,551) LPMSLPKSLPM2,ZvFLAIFr-ADqI SnA
R-7AZ(5, 2Clj NIT-R?'SrDPvMAXIT9NP*K
READ (5. 2f2) AL lS ,GA (ASSZLl S. AVL--.
EAO(59229) OEvGZ

- AVL'4 1S 4CAVITY LEi'T-i SPcSClI!:IE.

.R:T7E( A.6553)

.;SSob) EiACE

.017Ert65 ) ; ,AAAA.5E5E9CCCC

'T (65E7) YRCt;ND,AA92Z:S CZCC

.RLTEe q12 2)~ ,<~Er, 'A,~c

aY s-(q54 AIq~~e)jJE

m~ RIES!5 A; CA*,:29Bu C2:C

5 -RFIT(12*yRC.2DSq2<SScZTAq EA x,*C-E

.41'.E(60C~172) E q)SF

3------- -- CLUAT R(NTE~P~R~CLE C~~

5C -f TZ- v~A~ -EE DAA2 tAC :L, 1~ I(i og -- DY 2z- UET F~ 1 92SC2C.

39 r:FATA AD FIA:
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2:C F:R4ATf4El4.7)
C E *DSqLF ARE ThE INCP.E M

IE4S FP ERI VATI VES :*J C
: J.- S OF 1.E-5 ARE JSED .EEF:RE.
225 rOMTU10

55 FOKPAT2X9.EETA6 AND BETAC AS FIRST GUESS-=17.592X9FIC. )
1324 FR!MAT I &X3OEC.4.2X3D:,E 14* 793HDF:,El4.79 ZY 4HSF4:.1 A. 7)
1521 F3RMAT(1(.x9.S3ETA2:.,Ell*.7)

S5ETA2=SbETA2*PAI/ 193.
39rTAS:9ETAB*PA1/lB0*
6ETAC:BETAC*PA I/1SC.

P M! L M2

NS2=L*' 2

143i ZR4 AT( I ..o LPM~Z* 1312X,3A* '"?

F~ 4 S PRCVI:E : cRC -B.:. UT Ir T6 LCZc Zr ':CT GL

ALFAJD:ALFAIS
5M'iA,;SA44AS

SOL!Z:SCLIS

rQ-C.HK.EC.2) GO Tl 241

S0LID=SCLlS.O. 1"FLZATC IJKL-2.)
3.1 % 24!

t,5 243
24Z ALFA1D:ALFA:S-':-.*FL:AT(IJKL-1)
!.4! C:I.TINJUE

AFA13AA0*PAI/151.

DrLTA:ALFAI*GAM9A
=L 'P AN: .
ORITE E-966 ALOA1D* AMMADSLIC

666 c3FABlXlI4INCIZEN:E ANGLE:,EE4.7,1XknC7t.MAz,El4.7,1x ,..SCLI~IT 4
Xy:,C1497)
~ilTECS 663) FLAPAN

66 3 FOR'ATC 5XqllNFLAP ANSLE=*E14 .7)
STOLL=2 .E-4
STCLS=E .E-4
ECC: 1E-2
CLE:1.C-4
wRITE(bg5ll) CAVLEN

511 FORMATC1OX9.CAVITY -r'GTN.,9El'.7)
C SDECIFY HYOR~cOIL?S CMAPACTERISTICS AND SEP. POINTS.

YC:f.

XA=:
XXOD:1. ROccc
YYDDAU.EU+CSJ+DSJ
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6RITE(6.5CZ)XA,X8,ACYCvXX0O9YY00
502 FDANAT( 13X,6HCHO8OZ:CI4.7.2X ,171UPP:R SEP. PC!NT=,E!A.7s2Xv2CHCONN

Y F10*6)
STAIT ITEWITVE PkOCEOUR-o
C -- BASIC FLOW IS T-4AT OF LAT PLATE -.--

:tITERAt IS INDEX FOR 'dU45EI OF ITEIATI31S.
ITERAZl

BIGS=0.
XAIGN:O.

XlNCRTXA/50.
00 248 IINC=1950
X. 0 W X HI I
X..fIGHXLOW+XINCRT
CALL ARCLEN(SoXLOwXHIrM,1S112)

248 SIGS:BIGS+S
C ----FIND SIGS2 --

FIRST CALSHAPE TO FlViD A CtORR7SPONOING TO CAVLEN.
XC CCCA VLEN
A: RE E:CAVL EN
CALL SMAPE(CAVLEN, Yv9ETAv3)
wRITE(6,2000) Y

2030 FOR4AT5X,Y.El4.7)

YCCC =Y
CALL ARCS2(9IGS2,CAVLSNY)
iRITE(69504) BIGStBI S2

534 FORMAT( IOX,5HBIGS=.El4.7,5X,.3ISS2=.,E14.7)
: CALCULATION OF ThE BLADE TRAILING EDGE THICKNESS.

CAL.. S,APEtl.OqU0ENDBETA,3)
CALL SHAPE( 1.0,ONEN3qSETAO)
THBL=JPENO-ONENO
wR ITEC 6,2001) UPEN0,ONEN0O.TIBL

2011 F3OPYAT(lftxv.UPE%0 AT Yxl -- q64!tOE: AT X:1-------9
X Ffi.A,3X,.BLADE TMIC(NESS AT Xc:--- 9F6.4)

STOL:1 .E-5
LP.qLOMS
LP K:LP KS

LPM3=LP"-3
C I:CP IS USED 2OR Z0CNTPO..ING PR3GRkA4; 0 FOR ITER. 1 FOR THE RES7.
C I.\D KSI5*XSICvXSIF9A9A...A2 BY JSIN VEdTOI.,S MET1IoO
CSXSIt1)=ySIE
CSKSI(2)ZXSIC

C SXSI(3)AXSIF
C SXSI(4)=A WrIC.4 IS THIE C3EFFT. OF MAP214G FCN.
C SXSI(5)=ALF2
C SXSI(6)SIGMA
CS4SZY(7):KS13 t..O.'ER FIRST MAKE CLOSJER 20INT)
CSXSI(8)=XSIH, (UPPER FIRST WAKE CLOSUJER 20INT)

IFCIJKL.GE*2) GO TO 630
IF(IFLAG*ErA.0) GO TO 779

14IATIAL GUESS FOR SXSICI) IS-------------
READ(59768) C SXSI(KK) ,WX=1,9)

- 0 TO 160
779 fEAO(IRLA0,62C1 (SXSI (KX)vKX=1,B)
620 

FORMAT(6F10.T)13



629 03 621 1Cz1,LPM
621 READ(IREAD9b22) SARC(IC) ,SETAN(!C)
622 FORMAT(2E'..7)

1621 READ(IREAD9622) SARC2C1C)98ETAN2C1C)
IF(IFLAG*2'j.0) 30 TO 4.80
GO TO~ 481

4003 482 IBT=19LPM1
412 BETAM(I8T)=.5'C8ETA4dU9T).8ETAN( 18T*1))
431 CONTINUE
ihO ICPIZO

%RITE(6vl02) ITERA
122 FOR4AT( !OXqj4.IITEjArZDN4 NO.:.12)

850 SXSIO( IRP)=SxS ( IRP)
IF(ITr'RA.Gc.2) STOL=STCLS
F(ITEftA.E;*MSTOP) ST)L=STO..~

CALL OXFNE. CSXSI STD..,MAXIT, ITN, O~,DFtFF4)

60C CONTINUE
00 537 J01=198
XSN(IO1)=SXSI(1CX)

537 4RITE(6953c) IC19SXSICIC1)
536 FZR'iAT(ICX,5HSXSIC ,Il,2H)=t,-14.7)

HCSPAC:0.5.CSPACE
=SPAE=CACE/FAz2ML0K)
h--SPAC= .!*vSPACE
A3ET=-1 .CSPACE*FLCAT(LPK-1)

C I:PI=C FOR FINCING SXSICI), I.E., SXSICI4=YXZ(I) 1CP1= --CP TI-E REST.
:CALCu..ATTO% ZF 2RESSuR[ OISTRI6jTIDN tC't.

I (ITERA.EO.1) 10 TO 36
DO 35 IB=19LPM

3! 6ETANO(15)=6ETAN(I6)

37 3ETAP'C( I6)=BETAM(16)
DC 355 I8:19LPHMM

355 BETA02IIB) = ETA42(18)
36 CONTINUE

UU2zCIS(ALFAGA1A)I3S(SX1I (5).SAV'AA)/ESFACI- C
)7(ISXS/)A'MAG)(ISXSSC/)AMI AG*lAFLA(SOC=2UU

UU22ZUU2*"2
UC UI=SQRT( 1. .6'SIC 6)
GiUlUCU1CALEN.UU2'C 1.-CAVLEN)

IF (JTAUoEO.1) CPbC-SXSI(6)'CAVLEN'( 1.-UU22).C1.-CAVLEN)
00 25 LG:1,LPM

CI~NO CPC?.SIP) NEXT*
FOR THE FIRST wETTE3 ARC PORTION Sl--

CP IS BASED ON Ul AND Pie
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LP:1 IS NEAR THE T.E.
3LP4 IS NEAR THE LeE.

IF(LP*EQ.1) GO TO 521
IFCLP.EFA*LM) GO TO 52

C XITN(I) IS CALCULATED IN OFSIM2 OF OXFNEW FOR F(4)o
G2Q2 2
CP(LP)21*-UU22*Q2
GO TO 522

52 CP (LP):-SXSI C6)
GO TO 522

521 C3(LP)=CPi
522 CONTINUE
25 CONTINUE

C EUNITNCC 431
*C=) MCFC

)3,021XPCYvC(EKTIA)-' ;L(F
) 3,911X ,FCY, CX( N4EKTI A:)2-MPL (PCZ

ECAZSF-) XCISXS=32lx
ECAPSF*.2-31UISXS=91!x

.0= )4(PCY
)!-MFL(PC: )3(PCY
)5-MPL CFC: )2( PCY

)7-lFL(PC=)l(PCY
)I1( I SXS: )4(PCX

ECAPSF..2+)2(FCY=)3(CCx
C ECAPS.F..2*)l(FCx=)2(PCX

E:A'SF-.7-)l(ISYS=)l(PCX
c 431 OT 3G )1.GE.ARETI(FI

-----CF FOR THE SECOND ARC S2----
K UMBER OF CONTRC- POIN~TS ON S2 IS FIxED

*IN SU8RO'JTINE OFS1459 I.E*9
HALF OF TIE POIT JSE) 0AR BETA

ANSG2S IN COMMON = G2.
D: 680 %C* = 1,LP1.
IF(NCP.EG.1) GO TO 681
j:- (N:;.EQ.L~PM1l) GO To 682

Z2 tPC AN SG2SC NCP) )

C22(N.^) = .-G2-UU22
aD TO 661

631 CP2(NCP)=-SXSIC6i)
5O TO 68C

632 CP2(NCPI=CPO
630 CONTINUE

:*******-*MAIN INSERT 19.....**.*.***.*.....*******

I~cAF4oGE*SF4) GO TO 1135
1O TO 1134

1136 FOPMATCSx,.F(4) IS TOO LARGE TO CALCULATE BETA.)
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STOP
C =IND XXX(XSIP) rIRSTo
1134 CONTINUE

IS1S2=0
C--- , STV BETA ~FOR ARC 1--

03 100 LL
2
=19LP4

LPzLPM-LLP.1
CALL BBBETA CXYX99ETA91IS2)

BETAN(LP )=bETA
IFCLP*EQ.LPM) 5ETAB:3ETA
IFCITERA.LE.MSTOPl) G0 TO 1t00

100 CONTINUE
101 --OR'AT(1 2l*~lvMACtl.9X9MX=E47I9-C=E47

XIX ,~h8ETAN~qC14.7)

:----.e.MAIN INSERT 2..*...... **.....* ......... *.*..

C
------ BETA FOR ARC S2---------------------------

c SARC2 4AS SE74 CALCULATEO
IN SJBAOUTINE :FI4 N

STORED IN COVION AREA.
ISIS2 =1
00 429 LL2=19LPMM1
L P=L LP
CALL 386ETA(XYXBETAgIS1S2)
1-(LP.Er.*1) BETAC=BETA
XXX2C..P) =XYX
37ETAN2(LP) = ETA
IFCITElRA.LE.MSTCP1) GO TO 329
wRITE(69239) L~,SARC2(LO)qXXX2CLP) ,C

0
2 CLP) ,OErAN2CLP)

239 FOR"ATC9X,.I=*91.I3 X,.SARC2=*sE14.7,1X,.XXX2=.,
*E14*7vlxq-CP2=*tEJ4.7*lXt*BETAP42=*9-14,7)

329 CCNTI1dUE
429 CONTINUE

......,AININSERT .. *....... .n n......

*..... *MAI% INSERT 3 ................. *...

C cIN0 LIFT AND DRAG*
------- FIRST CL AND CO POR Sl DART.

USID SINCOELTA)
U:00 COSCOELTA)
UX8 SXSI(4)*UCOD
toXE2 =UXB'*2
00 1C5 !TP( z 1LPM
I (IT~oST.LPK) GO TO 106

XS2-1o+CSPACE'L)AT(IT(-I)
GC TO 1 1

106 XPS =XBET*CSPACE*FLDAT(ITK-LPK)
136 CONTISJE

UXA =XPS-SXSI(4)*USIO
JXA2 zUXA**2
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PXXP = UCOO/CUXA2+UXB2)
04OX = UAP*PXXD*XPS/*AI
C:BET1 = COS(BETAI(ITK))
SIBETI = SIN(BETA4J(ITO))
DS1OX z-EX-'C-XIT%(IT fl.OwDX/VJ22

C 61 IS CALCULATED AT )FSIM2 AS XITNCI).
A40 STORED IN COMMON.
I (XPS.LT.Q.) DS1DX =-OSlOX
XLPI CS1DX*CPCIT()
FL(ITK) =-XLP1*COEETl
=Z)(IT.10 = XLPl.SIBETI

135 C3NTI'IUE
:---CL AND CO FOR S2 PART.

NS21 2NS2+1
NS2A2NS2-I
SAP2 = CSXSI(3)-SXSI(2))/NS2
03 333 ITK = I* NS21
XRS2 = SXSI(2)'GAP2-(ITK-1)
UXA Z XRS2-SXSI('.)-JSID
JXA = UXA*.2
PxxP =UCCO/(UxA2+UX52)
04OX = GAP*PXXP*XRS2/PAI
CZ'BET2 =-CDS c3ETAN2(IT<) )
SIEET2 =-SINCBETAN2(ITK))
OS20X = XP(-ASG2SC ITK) ) .O X/JU22
52 IS ALRErA3Y CALC-U-ATED AT QFSIM5 AS

- ANSG2SCI)s STORED IN COMMON AREA.
xLP2 =OS2DX*CP2(ITK(3
FL2(ITK) 2-XLP2*COBET2
r32C!T<) = XLP2*SI3ErT2

338 CONTINUE
SPACE =CSPACE
C-.IFT = 0*5*CSPACE*..( 2) +0.5.-7SPA: E*FL(LPM1)
CORAG = O.5.CSPACE F(2+.5 CAE*DLPMl)
OZ ill IUA = 2*LPM3,2
1;'(IUA.GE.LPK) SPACE = 9SPAC1E
C.-17T = C .IFTSFACEC(FL(IUA) *4.-cLCIUA+1)+F'(IUA+2)l/3.

ill CORAG = CDRAG.SDACE*(FD(IJA)+4..FD(I JAe1).FO(IUA.2))/3.
C3 321 IUA = 1,NS2A92
:L.IFT =C.IFTGAP2.('L2(IJA)+4.*FL2C IUA+1)+FL2(IUA+2))/!.

321 CORAG = CORAGGAP2.( D2(IUA).4.*FD2( IUA.1).FD2C IUA*2) )/3.
C-- --- AOC THE FORCES ON CAVITY DORTID'NS.

SUROUTINE XCYC CALCULATES
TIE POINT O4 THE UP2ER iLADE ;1CRTION CORRESP. TO THE CAVITY ENC POINT.

CX AXCCC
CYA=YCCC
CALL XCYC(XCCC8,YCCCB*CXACYA)
CLIFT = CLIFT.SXSI(GA).XCCCB
CORAG = CORAG-SXSI(6)*YCCCB

C-----AOJUST CORAG FOR THE BASE PRESSURE *We
CORAG:CORAG-CPW* THEL.

---- AxCCC AND YCCC ARE TIE END 2INTS OF CAVITY, CALCULATED IN
SUBROUTINE CAVITY
STORED IN C3MMON.

C

:-------*--MAIN INSERT 3

CFIND SINF IN 2-1.
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OC.#N=CCS(ALFA1.GAIMMA).COSiSYS1(S).GAMMA)
SINF=9.S*SINCALFA1.SXSI(5).2.*GAM4A)/DOWN
8INF=ATAN( loiBINF)
Al NF=(1.5-PAI-6INF-GAMMiA

C CSTAR AND ALSTAR ARE BASED ON VELOCITY AT UPSTREAM INFINITY IN CX 9Y).o
COSTAR=CDRAG
CLSTAR=CLIFT
UINF=0. 5.SQRT( 1.+U2U1.**2+2 .*U2UICOS (ALP Al-SXSIC 5))
FINF2..OGAP.SIN(ALFA1-SxSI(5))/(Up4F.COS(SXSI(5).6AMMA))
CLINF:CLSTAR*CCS(AINF)-CDSTAR.SIN(AINF)
CD)INF=CLSTAR*SIN(Alla) .CDSTAR*COS(AINF)
CLINF=CLINF/UIF-*2
CD INF=CCINr/ UINF*' 2
4RITEc 5. 17) CLINFCOINF

117 FORMAT( 1X*34HCLINF OR CDINPFFRCE/l/2RC.UINF**2,5X*cHCLINF~,E1 4.7,
XX9oHCOINc'.E14. 7)
wRITE(69113) ' INF

12 FDPMATClXv34HFIr.F IS OBTAINED FROM MOMENTUM E!N,THrINF:,El.7)
wiRTE(6,221)

221 7CR
M
AT(lX94EH--CCLL S CCDD ARE BASED ON Ul IN ALFAI DIRE.~-)

CCLL:CLSTAR.COS(ALFAI) -CDST&R.SlN(ALFPAl)
CCOD=CLSTAR. SIN (ALFA1) .CDSTA R-COS(A.. Al)
ALZDCCLLICCOD
.R ITEC69131) CCDD, CC.,*AL009-d2Ul

131 FPMAT( 1Xq5HCCDD=,El4.7,1X.5H rCCLLE--1.71X,4mL/o:,E24.7,1x#
x riL2Ul9E14.7)

MSTOPI:MSTOP-1
1U~lTtRA.LE.MSTOPJ1 2 TO 140

C

-....... 4A I I. IN SE RT 4 # ****** ********* **.......***

CAVITY SHAPE*
ALREADY CALCULATED IN
SUBRCUTINiE CAVITY.

WRITE(tt297)
237 FORMATC(..---CAVITY SHAPE -----

NC AV1=NCA V.1
33~ 265 KCAV~ltNCAV1,2

235 idRITF(C9286) CAVX(KCAV ).CAVY(KCAV)

.. 4****..ilNIXSERT . *4.*4.**4*t**......................

140 CCNTTINUE
XCCC:O.
YCCC:3.
wRITE(6.323)

323 F5RMATtjj,-------------- JPDER b6)BY SHAPE----------1

CALL SHAPE' CXiYidETA93)
321 iRITEA,9822) XY
*22 FOR1qAT(5X,.X=.,F10.5,2X ,*Y=4,P10.5 )

REmINO 7
dRITE(79763) CSXSI(<X) ,KX=198)
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766 FORMAT(SF1C.7)
03 766 IC=1,LPM

766 6;RITE(79767) SARC(IC)98ETANCIC)
717 FOR'iAT(ZE14.7)

00 1766 IC=1,LPMMq1
ITS6 %RITE(7,767) SARkC2(IC),BETAN2(IC)

lF(ITE.RA*3E*MSTOP) 30 TO 999
LPKI=LP K-1
SP AC E=CSPA CE
H SP AC=C SPA C
00 50 IM1I,LPM1
IF(IM.E2*l) GO TO 51
IF(IM.EG.LPM1) GO TO 55
I ,'(IM*EG.LPK1) GO T3 97
IF(IPM.EcG.LPK) GO TO 98
IFAIM.GT.LPK) Go To 93
XY=-1..SPACE.FL ATCI4-1).HSACE
XZ(1):-1.+SPACE*FLOAT(IM-2)
XZ (2)=XZC1)#SPACE
XZ C3):XZC2)*SPACE
XZ(4)=XZ(3)+SPACE
GO TO 99

93 SPACE=FSPACr-
HSPACE=HFSPAC
xYVXBET+HSPACE* SPACE-FLOAT( IM-LFK)
XZC1)=X3ET.SPACE-LDAT(IM-L-'K-1)
XZ (2)=XZC1) .SPACE
XZ(3 ):xZ(2)*SPACE
XZ(4)=xZ(3)* SPACE

99 00 56 IK=1,4
56 YBE(IK)=BETANCIM.IK-2)

3TA MC IM) AITKEN(X YEvX 3)
50 TO 151

97 BETAMCLPK1 ) 0.5.(EETAN(LP~ 1).SETAN(LPK))
GO TO 161

98 9ETAMLPK):O.5.(BETAJCLFK).8ETAN(LP(.I))
S3 TO 151

51 EETAM(1 )=O.5-CBETANC 1).EETAN(2) )
50 TO 151

55 53-TAM(LPM1 )=0.5*(SET&NCLFM1).9ETAN(-PM))
151 CONTINUE
50 CONTINUE

IF(1T:-RA*EG.1) GC TO 6
00 41 IE=19 PM

41 9ETAN( IE)=BETAN( IE)-C1.-XKM).8ETAOC IE)-XXM
00 42 IFG=19LPM1

42 37-TAM(lFG)=3CTAM(IF3)*(l.-XXM),BETAMOC IFG)*Kxxm
00 425 IFG=19LPMM1

425 BETANZ(IFG) =BETA42(IFG).(1.-XXM).8ETA02CIF3)*XX?
00 852 IRP:198

352 SXSI(IRP)=SXSICIRP).C1.-XXM)4SXSI0C!RP)*XXM
6 ITERA:ITEIA,1

IF(ITERA*GT.MSTOP) GO TO 28
33 TO 160

2E iPITE(6929)
29 FORMAT(5X926HITERATI'L iAS TERMAINATEO.)

999 COrJTI4UE
STOP
EID
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CDO44 /CdTyL/CAV-Elo313S2
C3MMON F REECA V/FR EE-CYFR EEC
:3440V YC=:CS3E7TA2
C3MOli XITM(200) ,XIT'4(200) ,ANSO2S(200) ,SARC2 (200)
CZM O4 CAVXCOAr(100),O)3ETA3,3ErACqXCCCN:A4 ,..P'4qNS2
CCjW CO'i AJ(100),1SHAR2,NC4BYBBTAN(12D) ,SSTAN2C100) ,BETAN2(100)
C344311 F6.AANOEL~TA, 3APA.3ALSAil4

C3444 SBerTAE (4,ZC31 ,SkCOO(513)
COMMONJ IOULq U ~AX6%XC9TANG*,,T*CvYR*JStGSgXLS ISSBI GS9SMALS9CSS
C344014J XS'4(i)9 ,--'ERCYYYv(MIrERASXSID(8) ,SXS1CZ(53 ,YXS S)
C'.MM ON PSI Z*LP 9SARC(51.3) 9SA ICO (513)q LPM90E
COMMONd 9ETA'N(513),SeF-A4C5i3) ,1JL'(,XII(2O0),YJJ(2OO24XlX
::*O'N xROJ'.DA2A493359 C2CC
: 40 AAAA,66iBCC:,AqSSC96TaAUS(100)s,.GAUS(110),NGA .S
COlJ/SC/7CS2AzL
C~NO4/ TAJ I I JTA U
P41=3.1413i2653
I:0
I-(ITE'1A.-.eD3 GO T) 272
D: i7 114:1,6

272 C3NTINUE

55 Sll=Zs.DE
316=2.. 06

!1 (X(2) .LT.SI) X C)SI1
SI110= (2) +2-3
I'CA(2) *LT.S110) X(3)=SI10

SI8=xC3)*2o.QrELT(3qI)
I- (XCS)...ToSI8) XCS):SIB

71CXc5).LT&Os) GO TO 78

GO TO 79
7E 1ICA8S(X(5))*GT.SI5) t(5)=-SIS
li CONTINUE

I:1x Cl) LEe.O01) X(E,)=.00l
13 16 1IJ1,oa

8 WRITEC6966) IIJ9XCIIJ)
Ii:1

------------- --------------------------------------------------------------
33 20 IiC:198

20 YKS(I<)=XCI()
5 CZPNT14JUE

CALL FIINTL( YINT1,I(CTRL)
SJBIOJTI~rE rlANTL Ck-..JLkTE 3 T~i INTEGRALS IN F~l).
<(TRL =2

:ALL rIINTL (YINT39<:TRL)
(CTIL =
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CALL WIINTL (YINT49KCTRL)

CAL-. clINTLC(YINT59K:TRL)

CCC1:ALOGC1.*YXS(6))/(2.*PAI)
CSl=AO3GCOS(YXS(5).3AA):OS(ALAIGAMMA)*ESPACE)
SSG:S RTC1..YXSC 6))
d2:COS(ALFA14GA4iMA)/COSCYXSC5)43A444)/ESPACE
L22=U2**2

TAU. 0=ALOG( TJ0)
r. 1:S RT Cl -.-.-YXS(6) -U22I) -CAVL -J)
TAUWI=ALOGET~il)
I- CJ1'U.C73*0) TAJizrAUdO
I (,JTAU*Z 91) TALJWZTAU41
FA -tYINT1i'PAI*Y1iT2-(CCCI4CS1/

5
Al ).YINT3

I- CIJ.EG.1) WRITE (6971) YINT1,YINT2,YINT39YINT4
70 3R40A (l0X,----Ilq2,I39I4 0 'C) ARE -*4E47*2X))

Iz (IJ.EG.2) GO T: 3

IU (IJ*EQ.3) 30 TO 4.
12 CIJ*EG*4) GO TO 320
U C1J.Ea.5) GO TO 321
I- (IJoEG*6) GO TO 322
1=(IJ*E'.*6b) GO T3 3222
IF (IJ*EG.400) G0 TO 400
I- (IJoEG9401) GO TO '401
U (IJ*E!*402) G3 T3 402
IC (IJ*E .9443) 30 TO 443
TY5zT1 (YXS( 5) .3A4A)
OTgO)A=-TY5.CAVLEN*SS3/TW0/U2
V: (JTAU*.12. 1) OTdOA:-CAd .=J.TY /J22 ((Twl**2)
DT'i3S!.5/J2*C&VLE4i/SS3/TW0
17 (JTAU*.E3*I) 3T.DS=3.A-CAVLJ/ (T.1*.2)
P(195) =tA i(YXS(5)*3A'I;A) *vlJT3diA1 -l.* YINT5-fI T3)/PAI.CT6OA
P(i,6)=-Y14T3/(2..P(I.C.VXS(6)))+(YINT-YINT6)/PAI-TiDS
IJ =2
YXS(l) = X(l)+OELT(191)
13 TO 5

3 CJP -F

G3 TO 5
4 9 1 Q F

YXS(1) =X(1)
YXS(2) 2 X(2)*DELTC192)
33 TO 5

320 FI F
YXS(2) = X2)-0ELT(192)
W~ = 5
;3 TO 5

321 FIG Z F

YES(2) = M)
YXS(3) = X3)+DELT(193)
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GO TO0 5
322 1P C

YXS(3)=Xt3)-OELT(1,3)

3222 FIG=-PA
YES(3)=XC3)
P(193) 2(F1P-F1Q)/C2.DCELT(1v3))

ABSX7:ABS(XCT))
VCSC7) ZK(7)+O:_LT (1v,73 S
GO TO 5

IJ:401
YXS(7):X(7)-OELTUo7).A3SX7
G) ro 5

421 Fl=-CA
PC1g7)=(FIO-FlG)/t2.eK2ELT(197).AS~X7)
fX SC 7)=X 7)
IJ=402
YXS( B)=X 3) 'OrLTC1 3)

4)2 2.*z43

GO TO 5
443 F0Z--A

YxS(S)2X(9)
:--r(2) A40 C(3)-------------------------------------------------------

1J = 7
330 :ONTIIJE

)) 7(SEY/)A'i4A3)5(SXY(S"'/ )A iA541A-LAtSO:(SCLA 2x<KX

XXJ Z YXS(4)*S1N(DO..TA)
YT1l = YXS(4)*C~SC(3..T_

C'.Cl=ALOG(1.*YXS(6))/(2.*PAI)
:31 CC:1-XKKX/2Al
xR 0.
x i

DO 331 41 =19
:AL-. 4MlNT( SOLNRS0)d1MIG)
EIR1C411) z 2 ,4
)LMI ('MIO) = SOLN.M
XRI -X4R1(4I22fPkl

L~ CMl;.E3.1) XR~q=:M*iI42
It (NI~eCool) AMM4 Cov'*Kq1(qIl)
1v £N1Q*E;*4) XRRI = -XRRI(MIG)
It (Nii.C~o4) X'444 = -Xl4I('qI2)
It (NIQ.E2*5) XRRI ("1Q)=-XERI(IQ)/3I L
It IG2.cl.) xqmZ Cq12):-x441~(MiIQW/AI
IF C'MZQ.E~o.&) XRRI C4I2)zXRRI C4I3)/Pkl
V- CNl .E!*~6) XRMI(lI )zE'V1I3I)/klI
19 t(JTAJ9E2*0)*A4D*ClI2@Z3r.5) 3 KXAR:2(XR1 I2)TA.J1I0
11 (t)TAU.fQ*C)*A4O.(IQ*3E.5)) xM'M:XMMI C1Qg)*TAUWdO

U (CTAU~.13A~4.(~I~fl5)) XR:XA~I (!413TAuil
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lF ((JTAU.r *1)*AND*(MIQ*GE*5)) XMMMx4 MIC'4IG)*TAUW1
1: CLJ.EQ*7) 4RIT7 (1971) (4RR1(I)vI114)

11 P3R4ATCX.---XRII(I)v=194 OF F(2) AND F(B) ARE---.,4(E14.792X))
12 =Ai4Ar(1099*- -- 4MlI(1)9I:1,4 OF F(2) A'40 F(3) AIE---.,4(El4o7,2X))

xRR zxRRKRRR
Xq 4z 4

331 CONTINUE
:----CALCU..ATIO.V 09 HlCZrtA1) -----

xs~l=XXI*.

XSI1IF =XK1-YXS(3)
XSI'IC =XX1-YXS(2)
XSI212 = SIP1**2
XSIMB2 = XS1N3--2
XS1492 =KIF*
XSI' C2 Z 1C

RA=SQRT(XSIP12+YY12)
RE=SaRT(KSL'i52*YYl2)

RI~C =SGRTCXSIMF2*YY12)
RD=SQRT( XSIMC2*YV 12)

THIA ATAN(Yt1'/XSI21)

T-113 A&4d(YY1/XSI13)
1L (XSIMB*LE.0e) TtiZ3r PAI.TIIB
T4I: =ATAN(YY1/XSI4=)
1 (XSIMF*LE.0s) THIC =PAI4ToilC
T'4I) ATAI(YYI/XSII:)
IF CXSIMC.LE.0.) THID. = AI*TiID

R zS!RT(RRA*AR3*RIClRRO)
TlITl .*(TAjIA+fl3+THIC-rrQO)
COTM1 = CDS(THITI)

r2CO RRI*(XRR*CDTl1-XMM.STl)-AL--AI

L-- CIJ.7G.7) F(3) = F3C3
Jr (IJ*E .3) GL TO 3.3
I. (!JEG.31 ;0 TO 341
I- CIja :G*10) GO TO 342
U(Iu.EG.11) GO TO 343

I: (lJoE2@12) GD TO 344
I: (J*EG*1 3 ) GO TO 345
I' IJ.EG*14) GD TO 346

Ir (IJ*.2*15) :s3 TO 547
IV (IJ9EQ@4G3) GO TO 403
V (1J.EQ*404) SO TO 404
IF (IJ*EQ.405) GO TO 405
V CIJoEQ*406) 30 T; 406
T429 TA4CYXS(5)+3A44A)
)t:xS= xRRI(1)'C3T(1 - NmmI(1)'sITA1
XSX:: KRRL(1)*SlTll + X!41(1)*COTI1

RS1:R41*SOTH1

XR56zXRRI(5)+XRRX6)

R5i=RC1*XR5b-RSl&Xl5fi
ftq5s6-:l:.E'56+Rs1.xR36
2(2*5) *A~1'TA2S*4:KS
P(295) 2(295)/PAI.lR56.DT4OA
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2(395) = -k.TA23*XSKC
P(395) = (!,5)/PAI#TA2G+RM55'OT'0A

ULS(I) =Xtl)*DELT(192)
30 TO 330

340 FP2 = 2CO

YXS(1) 2 X(1)-OELT(291)
30 TO 330

341 P(291) -- ( P2-F2C3)f(2.*OELT(291))

2X(1) =(1

YXS(2) = (2)*:--LT(292)
14 10
50 TO 33G

34 -'2 = 2C3
9* :3CO

YXS(2) = X(2)-DELT(292)

53 TO 330
343 2(2q2) =

P(392) =(FP3 -v3CO)i (2..OELT(2,2))
YXS(2) = X(2)
YXS(3) = xt3)*DELT(293)
14 12
30 TO 330

344 =P2 F2C)

YXS(3) = X(3)-OCLT(293)
14 13
GO TO 330

3,1 P(29!) = (2-F2CO)1(2.*DE..T(2,3))

YXS(4) =X(4)+OI7LT(2'4)
YKS(3):E(3)

33 TO 330
546 FP2:F2CO

YrCS(4) =XUM)OtLT(2'4)
14 - 15
GO TO 330

547 P(291#) =(vP2-F2CO)/C2.*OELT(2,4))

Y*XSCA)zX(,)
I 45403
rX SC 7)=Xc7) .OELTC2, 7)*A9SX7

lo TO 330
433 '-2F2:3

FP3zF3CO
YXS(7)=XC7)-OELT(297)*ABSX7

30 TO 330
43 PC297)S(VP2-F2CO)/(2.'OCLT(297) *A3S( 7)

P(3,7):(F23-F3CO)/(2.*DELT(3,7).ABSX7)
fg (7) :X 17)
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YXs( 8) : (9)*0-LT (2 .8)
,3 TO 330

435 r22:F2CO
r23=F3C3
1.1:406
YXS(B):E(5)-0OILTt293)
G0 TO 330

436 C(2,8):(F32-F2CO)/ (2..OELT(298))
2(3,8):(F23-F3CO)/(2..OCLT(3.J))
YESC8)zxcs)

---- (4)----------------------------------------------------------
LJ=16

1.39 CALL OFI2(N
UCJ...S)GO TO 613
1'IJO.17) GC TO B14

UIQJ.E!*19) GO TO 675
VI: (.:-*.192) 10 TO i15

1(I.E.20 0G TO 616

IF(IJ*EQ.22) SO TO 618
IU(IJ*.'1*23) GO TO S21

U(I .24) 30 TO i22
:w-(IJ.E;.25) 60 TO i23

Z:(~.2.~)GO TO 524
U(IJrI.61)GO TO 6241

1A1lJoEl.262) G3 TO 6242
V. CIJ.EG.407) GO TO 407
!:' (l.G48 30 %O 408
I: (Ij.EGo409) 5D TO 403
IF (IJ*E;*410) G0 TO 410

GO TO 199
j14 AiS3=ANS2

I j~ls

YXSC1):4(1)
GO TO 195

675 ANdSF:A'NS2
A) :-( 8ISS-AN4SF)

l(S( 2) X (2) .OE.T (4,2) *A9S(X 2) )

S3 TO 199
$1! A'1S3P=A'S2

YXS( 2):E (2)OET42A9(2)

10 TO 199
i6 A45S1PA4S2

YXS(33:K(3)*O1..T(493)*X(3)
GO. TO 199

$17 ANIPZ151



i13 A4dS12ANS2
P(4.3):-(ANSIP-ANS11)/(2.*OELT(4,3)*X(3))
flS(3)=Xt3)
IJ=23

;D 3 199
621 ANAZANS2

YXS( 4)=X(4) -DELT (494) *ABS(X( 4))
;3 ro 199

i22 A40B:AVIS2
P(4,4)=-(ANA-ANB)1C2..rJELT(494)*A3S(X(4))I
YKS(4)zX(.)
IJ=25
YXS(5)=XC5)+OELt(4,5)
so to 199

523 91AZA4S2
IJ=2(z
YXS(5) :XC5)-DELT(495)

624 9'49=AN.S2
'C 4,5)= 3)iA-BNB)/( 2. OELTC 495) )
YX S( 5)=C 5)
r~x4:=(4)
f4S(5) =((5)
YXS(i)zX(6) .OELT(4,p6)
IJ=261
SO TO 199

S241 9Sd5:ANS2
IJ=262

sa ro 199
S2&2 3rN9=A4S2

Y'XS( 6):X (S)
I J=407
YXS(7):X(7)*OELT(497)*ABSX7
33 ro 199

41~7 A'lAzAIS2
YXS(7):XC7)-0ELT(4q7)*A8SX7
IJ 4 03
GO TO' 195

43 A4d8:A4S2
P(497)=-CANA-AN)/(2.*ELT(.,7)*A3SX7)
YXS(7)=x(7)
fICSC 3) K( 3)+O0 'V(4 ,3)
IJ:4 05

3 TO 199
4C9 A4A:A4S2

IJ=410
YXS48):X(3) -DELT(4q3)

D TO 199
410 AIBZA4S2

PC4,8)=-CANA-AN5)/C2.*0ELT(4,S))
YXS48)zx(s)

C- --- (5)AND 0(7)-------------------------------------------------------
TiIS SJ310UTIIE~ FINDS TIE EID -1INT )7 CAVITY&

IJ =27
a15 ZALL :AVITY (XCENOTCZiO)

13112=3
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CALL St1APE( XCENOYUP3ER9BETAqI12)
iT(IJ.E0.27) 30 TO 323
LFI*Eo8 5O TO 921
IV (IJ*EGe29) GO TO 322
IV (IJ*EGe3D) GO TO 323
IV (IJ*EG*31) SO TO 324
I- tij.CS.3z) a0 To 325
IF UIJ*EQ.33) GO TO 826
I- (1J*EG*34) GO TO 927
12(IJ*EQ*341) GO TO 30
IV C1J.E2*55) GO TO 328
IV C1J.Q.G36) Go TO 329
IV(IJ*E~37) GO TO 340
1U(IJ.E2938) GO TO 341
IF (IJ.EG.411) SO TO 411
IV t1J.EQ.412) SO TO 412
It (IJ.E-G*413) 50 TO 413
IF (IJ*EG*414) 5O TO 414

32C V(5)=-(XCd7O-CAVL'JV)
F()=-(YCENO-YUDPA--)

1J =29

33 TO 815
321 AqPz:EN.J

A4P7=YCEND-YUPPER
IJ z25

33 TO 815
322 P(5,1)=CANIP-XCENO)/(2..0CLT(591))

A'G7YCEN3-YUPP--
PC 791) = AN4P7-ANQ7M/2*0O--..T(5v1))
YXS11) zxtI1)
YKS(2) =K(2)4OELT(5v2)*A3S(X(2))
IJ =30
SO to 815

323 ANP:XCENO
A'P7:YCrENO-VUPPER
YXS(2) =X12)-OELTt5*2)'A3S(X(2))
IJ =31
3O TO 315

a24 P(592)=(AJP-XCEND)/(2..OELT(592)*ABS(X12)) )
AWYC N)-YJ' PE
P1792) Z A4dP7-A'dG?) /C2.-OELTC592).&3S(2)))
YXS(2) = (2)
IJ 32
YXS(3) =XC.3)+OELT(5,3)-X(3)
so ro 915

325 ANP:xCEND
A47O-YU*P~l
YXS(3) = X3)-OELT53)*xt3)
U --33
33 ro 815

826 P(5, 3) :1ANP-XCENOD)/(2.*OELT(593)*XC3))
44Qg7CE4)-YJPPC
P(7,3) z (ANP7-tir.7) I2..DFlLT(5,3)*x13))

1J 34
YXS(3) z X3)
YXS(4) = x(4)#OELT(5q4)*ABS(X(4))
1O TO 315

827 A4PXCENO
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YXS(ft) =X(t)-OELT(5,'b)*ASS(X(4))

GO TO 315
350 3l'Tj4JE

AI67ZYCENO-YUPPER

YXS(4) =X(4)
YxS(5) =xE5)+OELT(3#5)

33 TO 915

A'IP7=YCCNO-YUPPCR
IS%5) =415)-CE-.TI595)

"(795))(..C..t55 =
YE SE5)=X (5)
YE St6)zX(4 * 7LT (5*S)

;) TO 515
34C £.dP:XCNMO

A'vP7 :YCENO- YUPPER
f(S(6)=XC.)-aCLT(5,,)

30 TO 815
e~l '(56)(AP-XCENO) I(2..OCLT(596) )

YXSI6)=X(6)

YXS(7):Xt7).IICLT(5q7)AB SX7
SO TO 815

411 AIP=X:C'aO
AI7zYc.%-YUPEA
IJ=4 12
YXS(7):X(7)-OELT(517)ASSX7
3 To ai5

412 P(5, 7):(ANP-XCENO) /C2.'OCLT( 5,7) 'ABSE)
A N 7zY CE N3-V J -PC
P(7,p7):(A4P7-AN37)/(2.DELT(57)ASST)
yxS(7):x(?)
1JZ413
YXS8)zXM*)4OLT(593)
53 TO 315

413 ANP=XCEND
AIP72YCE4D-YJPPr-'

YXS(S)=X (3) -OELT(5,3)
SO TO 315

414 Pt5,8)(ANP-XCENO)J(2.*OELT(59S))
4l27:YEN)-YUPPE-R
P(7,p8):(AN3 7-ANQ7)/(2.*OELT(5,8))
VES( 8)=C B)

-- - C(j). . .---

I.J:40o
330 CA. )FS145(AIdS5)
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LF(IJ.CQ.40) 60 TO S51
L1tjeE2641) 30 TO 352
IF(IJ.EG*42) GO TO 353
1UCIJ*EI.43) GO t3 354
I'(IJoE9.44) GO TO 355
12(I.CQ*'5) GO TO 556
L; (L.oE I.4S) 50 TO 357
t'(IJI.CQ*47) 60 TO 358
1J (IJ.E2.48) GO TO 359
1FCIJoEG*49) 30 TO 360
U-(IJ*EG.50) GO TO 3i1
I-(IJ*EG*51) GC TO 3i2
!(IJ.EQ*52) SO TO i&3

V: (LJ*,-;*415) 50 TO 415
ip (Iljo :G*416) 30 TO 416
I- CIJ*EI3.417) 30 TO 417
I= SO...1)3 TO 415

-1r ( k) -( ANS5-6IGS2)

5) TO 350
552 ANP=ANS5

YS(I2):XC 2) *OELT(~,2)
30 TO 350

353 ~:AS

YSt 2) : (2)*ET62

53 TO 95C

fxS(2)=X(2)-0:L.T(6,3)
3 TO 850

X7 (2):A4-AS)I2.OL(53

fXSI 3):X(3)OETS3

TO 7 850

30 TO 950
a(9 Ptb=zt&-ANS5)(2.*OELTt6q3) )

YXS( 5)=X5 )*OL 65

53 TO S5O

YXS(4):X(5)-OELT(i,5)
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33 rO 850
861 P(6,5)=CANP-ANS5)I (2..OELT(S,5))

YXS(5)=X(5)
YXS(6):X(6)*DELT(6*6)
IJ:51
33 rO 850

SS2 A4P=ANS5
YXS(6):XCi)-OELT(8,,)
1j=52
33 TO 850

3&3 P16,6i):tA'4P-A4S5)I(Z.oOELT(8,8))
YXS(6)=X(s)
f4S(7):X( 7,DOET(j,7 )*A8SX7
IJ=4915
i TO 350

415 ANF'=AUS5
YXSC7)=X(7)-ODLT(6s7)*A5SX7

;O TO 353

YXS. 7):X( 7)
YXStS)=XC 8) OELT ( 83)
I.J=417
33 TD 850

17 A4PZA4S5
YXS(8)=X(3)-OELT(6,3)
IJ=413
SO TO 850

418 0C6,8):C A'J-ANS5)/(2*CELT(S,8))
YXSCS)=XCS)

CO=COS(D7-LTA)
3A:YIS (4)*SI3-YXS (7)

tSe=YXS(C4) *COO
3SA=YXS (4) .SIO-VCS(3)
DSB=YXS CA)*C00
:SA2=:SA 0*2

CS 82=:S50 02

SS A2=3O -2

PJ 1:YXS C) .CCO-2..YXSC 7)*SIO*COO
*91=C3A2+CSS2
PU2:YXS(4).-.CO-2..YXSCB)*SIO.COO
P32:OSA2*)S32
I:iO=S7.RTC CCSA2*CSS2)/(OSA2.2S32))
ACOZALOG(CRD)
SIT:4A4CSBI1SA)
SITO:ATANCDS6/OSA)
le CSITO.Lr.c.) SlTO:2AI.stro
S:'D:SI TC-SI TO

C8)-(CO).ACO.SI0.S)/PAI-SINCALF1-YXS5))CSYXS5)6AMMA)

PC 892) :0.
PC 8,3)=G

PC 3,6): 0.
B, 97) :YXSC 7 *COSC orLTA) IC P41* CSA2. CS82))

3C8,8):-YCSC8).COs(2:TA)/C)AZ.COSA2.0S82))
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NCAV1=NCAV.1
13 253 ICV=1,9dCAV1*2

253 w.RTE(69252) CAVX I:V) ,CAVY( 1:')
252 -3R'4ATC1OX,.CAV( :..:10.5,5x , .Vy=*PIC.5)

00 1292 ITX=193
129 JITE(69131) ITX,?CIrK)

00 132 IUP~ltg
1.32 4IUTE(6,133) IUP, PCIJ2,.JU )JJPz2.8)
133 FORMATC 1X,2HPCI1,4iJ)Z,8(E13.6,1X))
535 CONTI4JE

CALL DETER'qtP969DET3O)
:10 25 IDET=1,5

Q( LPG, I ET):P( LPG910zorr
?S 3(LO391 ET) :F(LPG)

CALL OETER'(P969OET' )
u CID--T.EZ..) DEL3=3TE/lET3D)
UItioT.E .2) DEL:=) TE/CrTBO
U CIDET.E ..3) DE-LO=3:-Tr/O;ET3O

lrCIDrT.E;.4) DELF-=)T7/3rT33
ir(io : T.E195) 0 L1:2TE/T_

1:(IDrT.E!.s) DELS:) TE/OETBO

1-(IDET .E!&9) D-L1:=)ZTE/DZfT33
3) 27 P.Gzlq~8

27 O(LPG, IDET) =Q(LPG, Ir.T)
25 : NT14jr

Al 1) :XC1) *DELS

X(2)=XC2)+DEL I
X(6)=XC6).Dr-LG
K (7) E( 7)+O-L4
xC B) x(eB) ,DELI

S 0 dITE(1,6.) L'qNvXCL"d

A 3SS:33S (:-7-81X ( I) )
A3SC=A3S(DELC/X(2))
A3S3:A3S():..O/X (3))
ABSE=ABSSDELE/X(4) )
A3S~zASS3...F/X(5) )

ABSi:ASC~LL/X( 7))
A3SI=A8S(3TMLI/XC B))
!^Iozo

1;C4bS8*LT*STOL) (E132
IF(ABSC.GT.STOL) KEI D=O

1 -(XBS '*GT*ST3L) <EIO
I- (ASS;.GT*STOL) KEI 320

IOCASS.GTSTOL) KEIO
II(A8SI.VT.ST3L) <EI320
IF(CKEIOoC2.1) 63 T3 35

411ITE46942) I
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I~ 11 53 TO 35
30 TO~ 55

35 I' Q*Z3*M) 30 TO 36
GO TO 38

36 -IRITE(ii37)

I- ( ()*S~T*S) X( 1) SI7

SI1O=X(l1)-2.'EdG
1(X (2) .LT.SI10) K C2):SIlO

I'(X(5).LT.O.) GO TO l

30 TO a2

32 :)NT14&JE
)2211, (--TlRd ).O.EL.)7(X FI

- -- -- -- - 3r A 14T SS. E' ACEB )7(X------- - -- x2(.TA14ROF 2211
38 RETURNd
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SJ313JTI14 )FSIMJ(CAqS9N3FtX:A)
OimENSION XSTC8)
CaM40J YCCCSBETA2
ZOM04' XIT'C200),XIT'(200),ANSG2SC210) ,SARC2(200)
C3M40qI CAVX(100):AIY(lGO0),3CTA83C3TACXCCCtNA ,LPMNS2
:3M4i04 AJC100) IIit AY33A ,098A4(3)37TA4I2C0)
COMMON FLAPANDELTA9, AP*AL A193AM

IOM401 S8ETA ,XM, IC*I9SAR:O)(513)
COMMON IDOJLXAvXB9 XC 9TANG 9EP#YCq Yl9J9IGSqXL I 5S9 BI GS, SMALSOSS
CDM404 KSid(B)o z,'ECYYYXMITE-RASXSO(Sq),SXSIOOtS),YXSC8)
ZJMMO'd PSI ZvLPSARC( 513) 9SA ICO(513) 9 L249E
:3M404 BETAN (5l3),S7AM( 53) #1Jo LP( XI1( 200)9X J.J(200) oXOX
: 3 A4 0 KARJMOA2AA,3 2359,Z2:
COMMON AAAA.S8BBBCC::,A88,C8,O8,T3AUSC100) ,.GAUS(100),NGAUS
:344OV/SPC/rESPA:E
,OF =C CALL.~ED -R)4 F114T.

- 43 = I CL :'I A) i.41'4T 3R R AL 3AT
14F =2 CALLE) rlOM i~lr :R I.-4AG. ;ART.

lac = 3 CALLED rROM :AVITY OXcNrCW AT F(5)
1: (I:2I.C~o0) ) T) 3
00 10 IQ 198

IC XST(I;) XSN(13)
32 TO 12

332 11 fIm 195
11 XST(il) YXS(I1)
12 CDNT14UE

1ITZRA.73.1) 53 T) 222
GO TO 223

222 00 224 ILK o?
224 3'-ETAU(IL<) =SBETA
223 C:0NT1'1JE

:SA C 1.*KST(1))/=-OAT..'(
SPAC, zSPA:E/FL04T(.PM-LZK)

XSET =-1.+CSPACE*FL3ATCLPK-1)
XSII= -1 .. SPAC7

37 zTA4(2)

A-'JS SQRTCA~l)
r 3  3E1-421S

Xx XST( C 0 C )ET%)
'Yi XST(4)-COSCOELTA)

r YYI**2
p SIl -Xxi
? PL4'=2RL4-
P-4 L42+YY12
DxR=PLr/PLM4A

2XSI =YY1/'IL4A
IFC(iOF.EG.1) 93 zc3*PXSR
1C(Vdr.EG.2) F3 =F53XSI
It (NiOr.E2.3) v3=F3/(KSL1-KCA)
ANSA=0.

321 = 2-3 M3,

S~AE zC32AC'
Ir (I.SE.i.P() GO TO 30
XS12 z 1.*SPAC7C.CL2.t(I)
*313 z s12+4c&C
50 TO 31

30 SZA:E =tSOA.E
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JSLZ = X8--T*SP4CE-FL3ATCI-LPK.2)
2(313 z IS12+SPACE

51 M' 2 BETWI-(1)

A22 (XS12-XST(2) ,tcXSx2+.)*(XSrI -XsI2)*(X312-ESTt3) )
AP3 CXS13-XST(2) )/EiXS131.)(XST(l)-S13)(XSI3-XST(3)))
422S z S~k1(AP2)
AP3S ZSQRT(AP3)

2 =3E2*Ap~s
F3 z S3*AP3S

K4&22 XSZZ-XXL
4422 zri&2**2

,4C12 = Y'rl/HB
11.3 XS13-XXI

) 11432 Z A3**2
H3 =HA52 +YY 12
4:U3 Z IA3/40
r4C13 Z YYl/4O
IFt(.OEQ*0. F2 2 F2-'4CR2

lc('*Oc.EG*1) F3 = 2 HR
1: CN3 .E22 ':2 2 Z2'NZ2

(~2CC.2) F3 z 3*4z13
IF (Noir.EQ.3) F2 2 r2/(X(S12-KCA)
Iz%*QS F3 = :3/(XS13.K-A)
CSU4~ = (Fl.4.*F2+93)*SPAC7tJ3.
A'4SA = ANSA4.FSJ4

3.2 2 3 4TtXSTtIl'1u)
SG3 2SGRTCXST()-1.ST(2)H.2(ST(1)-I(sTc3)))

A'dTI 2 3EAIu ) *2..3RT LZ3zk.) .S21'SQ2
A'JT2 2BETAN (LPM3) 2.*SQRT( 2 SPAC-r)*S23/S^.2
&PLA 21.-KX1

APLA2 AP2 A*
A2L3 2 2ST(l)-XXI
AlIL32 = 2- 2
I12 (N02.Er.*.1 ANTI = A4TI*APLA/(APLA2+YY12)
L -- (Nl.-E!.2 ) ANTI 2&%Tl*YYI/(APL42+YY12)

IF M E11 A,%r2 ANT2*APLS/(APL.32*YY12)
I-- (N F*E;*2) Asre A4rC*ffl/CAPS2*rY12)
1? (NO.ES.3) ANTI ANT11(-1.-XCA)
12 t4t 

2
.Elol) AIT2 4NT2f(xST(l)-XKA)

A4S Z A4SA*A'dTI..'4T2
RETURN

160



SJBiOJTINr OFSI'42C A4S2)
3I'IrESION XC3),XIT(31,YY(3),XIT:(3)EXU(3)FCJ3C3) ,ST(3)
C31404~ YCCSBET42
:5M'( XIr4(23a) ,41T4(200),A4dS32SC2)0),SARC2t20D)

COMMOId CAVX(100) ,CAVY'(100) BETA5,*BETACXCCC. NCAVLPMMNS2
COV4404 AJ(100),IS.4Ai',N:.Yta3rANC1i))88TA 2(1)0) ,5ETAi2(100)
COMMPON FLAPAW9DELTA, DSA~oALFA1,SA44 A

1011434 - 9K0ICPISARCO(513)
CO3i4C' I DJ69 XkgXB, XzTANG9 EPfCq Y ,J BIGS 9XLBI SvB IGSSM LSvOSS
COMM04 XS.4a5), :...ERCYYXMITERASXSIO8),SXSIOOCS),YXS8B)

COMMON BETAN(513)gBr TAM (513) 9 1JoLPK, XlItI 200) sX.JJ(2 PC)* XDX
C34404 XR0J'dOA2Ak,3 233qCZC:
COMMON AAAA,5BEBCCCCA8,8,:8,O6T3AUSC10O) 4G&US(100),NGAUS
:340/SP/7SPACE

13 0 13 I6=I93
3 41=3*1'41592653

JJ2zC0S(A-A.GA44A) /ZOS(XS(5).GAI4A)/ESPA:E
X<KiALOGUJ2)

1t:S-7A:0.5*cs2Az7
zSPACE CSPCAC C/FL OA TI 'M-

iL3ET=-1 .+CSPACE*FLOAT(LPK-1)
:COS (OC-..TA)

S3E:SIN(0ZOC.TA)
!A=XST(I )-XST(4) *S0r
is:xsrc4)eJCE
P*P=CDE/(GA-*2GSB**2)

:N3(3):OIA'*PP
2
*XSt1)/c2AI.SO1TC1..XST(6)))

LPKI=LPI'-LPK.1
33 1 LP~1,..M
IXCIP.EG.I) GO TO 2
4 SPAC rIF SPAC

IwtIP.GT.;.KI) SO TO 30

X( 2 ) X I) - 4 SPA C
X( 3) =X ( 1)-S A:E
SO TO 31

30 ISPACE:=HCSPAC
33AzECSPA:7
X(1)=XBET-SPACE.FLoArIP-LDKII-1)
X(2) zEC )-?,tSPACE
X(3)=X(l)-SPACE

ZFCIP*EQeLPM) NK=2
03 5 L2V
IF(IJ*EQ*407) GO TO 7
ZOC1JeE3*4OS) GO TOT7
1ItJoEG.409) GO TO 7
l2(1J*E2*41D) 60 TO 7
1I-CIJ*GE*23) 63 TO 3
GO TO 7

3 U (I *CO.2) XIT(2)zXIr4(9LDMSI 3+1)

Go TO 5



I CONTI4UE
YY(I) :x (V

3 :SI.13 CA..CJLATr 31

)rITc 1) XITZ( I)
IF(IJ.EG.18) GO TO S
30 TO 5

612(I.EG*2) XIT1M(LM-P1)=XIT(I)

5 CONT1djC
-XUS I):EXP-'XZT( 1))

9CONTINUE
:C Ic ZCN43(1) IS A ..dAYS POSITIVlE.

I~(I.E~.P~)GO TZ 20

A4S2=AS2SJ

CDNT41JE
XITN(LPM)=GI AT POINT S.
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SJOROUTINE OFSIM13(YKKIIvIP, I)

COMMON YCCC9SBETA2

C314404 XIT4(200),KIT~IC200),A'4S62S(220) ,3ARC2C200)
3404 CAVXC 100) ,AiY(1O00)3ETA,93ET&C. XCCC.N:A~,LP4M.NS2

:DM40N AJ(100)*IS1Ai'~i4CHBYB3TAN(120)qB5TA42( 100) 93ETANd2(100)
:34404 FLA2ANDELTA, 33AP9AL-Alv&A~l%
CUMqQ4 S5ETA,(XqICPI, SARCOO(5 13)
C343 IDJL.XAEXB*,T A 43,7-2YZ, Yl 9J9 IGS,9XL I3SS 3 1GSSM ALS9OSS
COMiMON XSN( 8), CLE4ERCt YYY 9XM, IT ERA* SXS10( 8) 9SYSIDCC0 9YXS (3)
:OMI'ON PSIZLPSAACC513),SARCD(513), LPMDE
:D40 SETA'I(513),Br-T (513),1jLP~,XII(200) ,XJJ(200),K)X
:DM4D0 XR3J4D, A2AAv323B9C2CC
C34O AAAAaB33z:zA8,939C9,8,t;AJst10a) ,GAJSlO00),GAUS

C3.4MO / SPI. E SPA-E
C3M43/TAJl/JrAJ
COMM~ON/ CVT'rLiCAVLENtSI!GS2
rOJ ITESRALS TO 87- :-VALJATE3 3EU2IE xI IS OBTAI'dE3.
'J3TE THAT 2RIV13USLY ONLY D'4E SI'JGJLAR INTE-GAA aAS
:AL:-LATE3 IN GCASC&3 ANO C'hS:ADE.
57E T4E NJT7 OF TC 3951 FDi 9)J IVrEGRAL39 OJT JF dfIC4
T:0 ARE OF SINGULAR TYPE.

53 TO 12
9 03 13 JTJ=198

13 XST(JTJ)=YXSCJTJ)
12 PA3.141592653

SSG=S RT(1.+XST( 6))

.22:U2**2
J221I1./U22
Tdo=SSG3.CAVLEN/J2C1.-CAV.E--4)
1'AUW 0:AL0~C TWO)

TA UWI:A LOG(CT W1)
V? C.JTAJ*.72O) TAjhi=rAUAO
lz (JrAJ.El.1) TAJ.i:rAJ41

:.----FIRS Il -------
I- (IT7RAeE3.1) GO r) so
30 TO 61

SO C)NYIN-JE
00 62 IZU 19LP4
3BETANCIZU) SBETA
3E-TA'qlIZU) z SB7T4

52 CONTINE
i1 CONT1'dJE

CSPACE=C1.* XSTCl))/rLOAT(L2K)
4iCSA: 0.5.SACC
=SPACES CSPACE/FL3A T(_2-LK
rV SPA::6.5-:SPA:E

A82ZS2RT(XSTtl(1 9)
A3 3=S2RT C C.#Y)'Cx SttC )-Y))
A36 S .SQRT(CXST(3)-Y)fCXST(2)-Y) )
A33 = A33*436
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IU l

9B-C=BETAN(IJ3)
UI.CQE.2) 3ECCBETA'4C!U2)
rAA:S!-C/AS3

00 1 IW=29LPMI
S34:=SPA..-
IF(IW*GTeLK) GO TO 45
XSK=-l**S2ACE*FLOATC IJ-1)
33 TO 46

45 SP&CEFSPA:r-

46 IF(I&EQ92) GO TO 6
1(Ii~2.I3) G TO 1

cSA1 =SQIT(C XST(3)-KSK)/'STC2)-xS() )
TS= S*FSAl

U1(.EQ*2) GO TO 30
X21=-l*.NZSPAZ
X P 2=X 0 

1CS A CE
X24=XST(l)-.IFSPAC
XP3: XP*-FSPACrE

S1:U*M1)iSGRT(C L.*XPI).(XSTtl)-XPI) )

S3=6ETAIA(LPM-2)/ SSitT(1.+X03)*(XSTC1)-XP3))
S4=:*TAMCLPM-1) / s2Rrccl*.K24)*CXST(1)-XP4) )

FSAl SGRT( (XST(2)-XP1)/CXST(3)-XPI))
rSA2 ZSQRT(CXSTC2)-K'2)/CKST(,3)-K

9
2))

?SA*:SGRTC~XST(2)-X2)/(XSTC,)-XP4))
cSl=FS1*FSA1
FS2=FS2*FSA2
rS3=FS3*FS&3
OS4:FS4*cSA4

C22=(2S2-CAA) ICEP2-f)
t-P3= C-S3---AA)/ CXP3-Y)

ICI3*G2 GO TO 21
IC(IJ3.r2.L2MI) 30 TO 22

U-CIU3*EQ*.PK) 53 TO 51

54 TO 30
51 5E-TC:2.*6:-TAN(L2() -3gU*ANCLP(.1)

XOA:X3ET-?SPA .-

FPWjBETOIS RT(Cl.X0A)*(XST(l)-XOA))
A=SGRT( (XST(2)-K3A)/(XST(3)-KOA))

TPW=FcObIA~tP
FLP(FPd-FAA) /C XOA-Y)

1.3 TO 30
21 :A CJ3):(v''1.P2)i2.

GO TU 30
22 -&C1U5)zt3P3*=P*)12.
53 xI:0.

LPM3=LPM-3
S2 A: E2CSPAC-
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DO 15 JA=2,LPM392

15 XI:KI.(;ACJA).4..$:ACJA,1).WACJA.2) ).SPACE/3.
I?(IZ~.) 0 TO 55

X123:0*5*.4CSPkCFP.ffA(Z2) (A( LD 1 1) +F;4) -D .5- 1FS?AC
XK I:41.
<J=39

VICJ5.GE*L3MA) X(I=201*

3OZ:(3ETA'q(l)-BETANt1))/X(l

i-F=HN-SPA:/XCI
4i-Hr4S2A/XKI
cT3=FP1

X1110.

DO 202 ITq:1,<j.2
cT 1:PT3

Jl=FJ3
X'42:XSTC1)-HFSPAC.H=F.FLOAT( ITM)

XT2:-1..r SPAC-HFI*e..AT(IT4 )
XT3=XT2-H"I
31TA2:3ETA4CL2M1).B0,.wLOATCITM)

9TA 3zBCTA 2. BOY
B 'TT2:Br-TAM(l)-BOZ...DAT(ITI)
3 TT3=BETT2-SOZ
S2:B7-TA2/SSRrTCC1.eI2)(XST(l)-X4 2))

cS3=8BrTA3/SQRT((1..,e 3)*(XSTC1)-l43) )

?j3=:j-TT3/SjRT(41.,CT3)a(XST(l)-XT3))
9:S2A :SQRT((XST(2)-XE12)/CXST(3)-XM2))
S3 SU.T sGrrsT(2)-t43)/cxsr(3)-x 3) )

rV2A Z SGR1(CXST(2)-XT2)/(XSTC 3)-XT2))
43A = SQR'C CXSTC2)-XT3)/(XST(3)-XT3))

'S2 = rS2.FS2A
=S3 = FS3*FS3A

FV3 = gV3*rV3A
J2:(rS2-=AA)/CX42-f)
r43: FS3-vAA)/ AKM3-Y)
zT2=(zV2:&A )/(XT2-f)

20 X1:11 1,.lFZ.(FT1.FT,.4.+FU3) 13.

XA/4:8ETAN(LPM).2..S2tT(F)/(AB2.CXSTC1)-Y))
XA4A = SORT( (XST(2)-K~rC1))/CxSTC3)-XST( 2)))

X4ZXA4*XA4A
XI 4:XI 4XA4

XAlA SGRT( CXST(2)+1)/CXSTC3)*l*))
XD.1 =XA1*XA14
XI 1ZXI 1XAl

XXIIZ-XI
;j To 3s

35 XR1=-1.+.S*5t.CSPAC
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XR4=XST Cl)-O.5*HFSPAZ

OT1=3*5*(!ETAMCI)*9ETAM(l)) I 3QIT((I..KX1).CXST(1)-t~l)3
rT2:O.5.t9r-TA'4C1)*B7TAN(2))f SaRTCCI.*XR2).(XSTC 1)-XR2))

FT4:O.5.CBETAp4(LP4q-1).BETAN(L-)))/ 3RTfCl..xl4).(XST(l)-XR4))

Fr2A ZSGRT(CCXST(2)-KR2)/CXST(3) -KR?))

rT2 FT2*FT2A
w73 FT3*FT3A

tq4:tFT1-:AA )/ (XRI-Y)

XIP2=0.25.HCSPAC*tFI2.FA(2)).O25lSPAC*(FA..Pq-1).FR3)
X123=XI*1*XIP2
XwI=21.
x11I2=42.

M2=4U-2

1U UU2.GEC..MA) X41I2=202.
vtrUZ.SE.LPMA) 4U=I1

I-(IJ2*SE...PMA) M2=4J-2

BESS:O .5'(BETAN(LPM) BETA'i(LPM-1))
,IUs:O=.5.-4sp&Zkc/l

3-SS1:O.5C3ETA4(1)#aETAN(1))
HSP6 1=g.5*-ICSPAZ/KMI
2231=:-i
XI 1=0.

T2 11: 031
X2=XSr(1)-1SP6.-FLAr(MUL-IL)
K'3zX2.,SPS
X21=:.*HSPfiJ*FLOAT( MU-IL)

9ETA2=BCSS+SETY.FL3AT(IL)
TA 33=3rSS#3ET YbF.. A tCIL.1)

9 ;.TA21=SESS1-3TYI*?-2ATI&.)
BETA31:5CTiZ1-8-TY I
Fj2l:3ETA21/ S2RT(I.*X21).( STC 1)-121))
F6J3l=3ETA31/ SQRTUI.4-x3l1*(XSTC1)-K31))
vJ21A =S;R? CCX5Tc2)-X21)f(XST(3)-X21))
eJ31A = S2AT(txSTt2) -X31)I(XST(3)-X31))
zJ21 z 0021*FU21A

zJ3 zJ31.FJ31A
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~u2=BETA21 SQRT( (l.*x2)*(XST(l)-X2))
~J3=8U--A3/ 3QAT c1..(3)*(XSV (1)-X3)l

9'J2A z SQRT( CXST(2) -K2)/ (ESTC3) -X2))
:J3A Z SQRT( (XST(2I-£3)/(XST(3)-X3))
J2 z J2*FJ24

vU3 = U3*FU3A
Q2: (FU2-vAA)/CX~2-Y)

FQ3: (FU3-FAA )/( X3-Y)

X11:=XI 1.ISP6 1'(F l#41.v2+ *31)

XIA:2..SGRTIHSPS)*BrTAN(LOM)I(A32.((STt1)-Y))
XIAA :s~£Tc (XST(2)-(STCX)) 'tSTc3)-XSTC1))
XIA :XIA*XIAA
X14=XI4#XIA

X13A S;AT( (XST(2).l)/(XST(3)*l.))

xEIB*EISAI

xx 1:xi~I

36 C3NTI1dUE

12-- I~s .133 T1A'i Z.EID9 TAIS 13 A
:-----REGULAR 14EK WHILE Y .3E. 09 TIIS IS A

*--SI'.aJ.A tiTESAALe
- 3JT Ti'115 IS TREATED AS A SINGJLAR 1I4TEGRAL ANYWAY£

ISIC:3
X^ A= Y

t( 12:Sl
ARGL=(XSTC1) _)l

AX 12=XX12-A33*ALO5(IAR3L)
XX 12=-AXXI2

- ----13 ----------
JSE CIEBYSiEV-GAUSS !JADRATJRE.
AJ(I) AlE A-R1A)Y :AZJATI-_ Vi SJBADUTINE :11VTL
AND PASSEO ONTO PIERf BY COM40N STATr7MENT*
XAI3 = 0.
BPC5 z (XSTC1)+XST(2))*.5
C4B5 = CXSTC2)-xsriC))..5
451 : 5: 4I. ?lq
432 : C9g:53XST(3),I1:q95
23 123 1SJ4 = ,1.3

42z(AJ(ISU4),A31)*CA32-AJ(ISJ4) )
SMA2 = SGRTCHA2)
=313 = !A1I/SMA 2
C3AI3 : C'95*AJCISUl)+B2C5-f

120 xx13 c XX13+F3I3tc3AI3
XX13 % XXI3*PAI/l.13Y
UU22 Z COS(ALFAI*GA4NA) /COS(XST( 5).3AMMA )IESPACEr

)7(TSA/) AMMAG.)5(TSx (SDCIA~itAG1&F-.A(SOC =22UJ

Hl X3 CCCl-ALOG(UU22)fPAI
X913 =XXI3*AB33*AX3

---1----------
JSE C4E9YS4rIV-6AUSS 2UADRATJA!- PORMJLA---

---- OB:TA4I2C1) Aq AL.A3Y :AL:JATE) 1'4
- SUBSROUJTINE FlINTL A43 PASSE) DNTO N:ARE BY
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:)MO STkTEMEMT*
TPC5 Z XST(3)*XST(2))..5

rMC5 z(xST(3)-XST(2))*-5

A42 CFPC5-XST(l))/--t5
X914 0.D
30 130 1i6UM 19NCHOY
RAX = BE6rA'J2CISU4)*PAI)*C1.*AJ(ISU4))

RX=(AJ(ISU4)+A41)*( AJ( ISUMO*A42)
SR8x =SGRTCRBX)

I AX/SABK
RDX =FMCS.AJ(ISU)z3C5-Y

133 XX14 =XX14 + RCXMt2
XXI& =XX14*PAI/NCHBY
XX14 =-XXI4*AB3/2AI

- --5-----------

A53=(GMIH-XST(3))/(-'jPH)

xxIS:0.

442 =( Aj( ISU4 ) A52) *( AJ( ISJ4) .453)

70 XX15=XX15#F5A/F55
XXEI5=0AI-XI5NC49Y

---I-----------
tiMFHZ(XST(S) -XST(3))*.5
.(2F4:(XST(3)+XST(3))*o5
ASI:(HlPFIH-XST(2) )/HACN

A63=(4iPFH-XST(l))/Slc~i
XxI Zce

HAl =(l.-AJ(ISUM) )*(AJCISU4)+A61)
142 =(AIJ(ISU4q)tAS2) .CAJ(ISJ4).A63)
=SA=S2RT(OA1/HA2)

a0 XXI-.iEXIfiF1AIFS8
XXIS=PAI*XXI6/NCmBY
XXIl XXIl.XXI2.KX13.XX14+A33.rAJi.(-XX15.(XiS) JPAI
l.iRIT1=2
I.,RIT2:3O
IWRIT3=60

10 ( IJ.EG.13*ANO*IF.E..IdRIT2) JRIT (6955) XXI11,KX12,XX13,XXI4 ,ID
Iz (IJoE'w*15.AND.IP.-7.IWRIT3) iRIT-- (6955) X<IlgXXI29XXI3,XXI491P

A*IP=*, 4)
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SJBROUTINE OFSIM5(A'4S5)

C040 YCC^.S-3ETA2
ZDM44 I xT4(200) ,EITI(200),&NSG2S(230),SARC2tZO3)
:343 CAJX(10O) ,:Adf100o)937TA3,3Er&CKCCCN:AJL.P4l,NS2
COMMON AJ(100),ISriAi-,NCrI5Y,8BTANC1DO) .BeTA.2(100O),ETA42(1O0)

C3MR0O*q SBETA)CKXlICPI .SARCO3(5 13)
CD4404 I OJ-.X A X9X91 AGE 2 YCv YR 9JB 5S XL3 I;So iI GSSMALSvOSS
:34404 XS40()o , --*RCYYV,(MITERASXSIO(a~,SXSIOO(8),YXS (8)

:3440qO4 PS1ZLPSARC(513),SARCO(513),LPMDE

COMMiON xROJND9A2AA9323BC2CC
:34404j AA&A,833B9:'CZAS8,8C8,D8,T3AUS(10O) ,dG&JS (100),NGAUS

Pk.:3olu'.592654
T41S SUBRuTIlE CALLED FOM 3KF4JE4.
JSE SIMPS04iTS RULE,
33 1 14) = it

IXST(IM O) =YXS(IMO)
:) =:S()2ILTA)

SDE = SI%(3rLTA)
'S2 S-43U-.2 -44:- 4 OAZT3& F 4.

'dS21 NS2+1
'dS2A = %S2-1
S2GAP =(XST(3)-XST(2))/N$2
JJ2 = Z3S(A..FA1eGAitA) /CoSxST(5)+3&4MA)/ESPA:E

)?(TSXI)AI4AS4)5(TSX(SOC/)AMViAG.1AFLA(SCZ 2UJ
Da 2 IS2 = ,tIS21

X(O = XS2*CDE
X4AS= S-sc*sr
XMAS2 =X"AS**2
ASO z XSTCA)*:DE
4S02 zAS)**2
~DX = GAR'X'(0/C( X4AS2+AS)2) .2AI)
I- (IS2.E *l) a3 TO 3
Ir (IS2.Ei.'4S21) SO TO 4
:ALL. 32 (XS2,ANS!29132)
G2 CALCULATES G2 wITrI (SI GIVEN.
E12 = EXP(-ANSG2)
rU(!J*EG.40) ANSG2S(IS2)=ANS52
S2i(ER(1S2) =ES2.DW)X0UU2

STO 2
3 CONTINdUE

32KER(1) = )4:X/S2Rr(i**XST(6))
AN+SG2S(IS2)=ALOG(SQIT(1.,KST(6))/JU2)
s3 TO 2

4 :3NT14Ur
S2KER(NS21) = DOX/~JJ2
A4SG2S( IS2) 0.

2 CONTINUE
S2S (1) = 0.
00 10 JS2 = IvNS2A,2

10 S2SR(JS2+2) =S2SRCJS2)
1.(S2KE-R(JS2)*44.S2K'(JS2.I).S2 7ER(JS2*2fl-S2GA'I3.
I-'IJ.NE.4D) GO TO 40
SARC2(1 ):0,
00 50 ISAftC=2,NS292
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3 0 S2SI(SARC)=.5*(S2Si (ISAR:-l).S2SI(I SARC.1) )
30 SAR2( ISA ) =S2Sit(ISARC)
4o c)%rI4JE

A'4S5 zS2SR(NS21)
IETJRI4
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SJ9ROLJTINE lC2(S~vS4,'CC~ISIC)
J1M4'NSICtN XSTCS)
:34401 fcZ-: ,SiETA2
COMMON A ITM(200*A IT4( 2OO),ANSG2SC2O 0) ,SARC2(200)
Z:34AO4 CAVXL1O3) ,A4t(lO0),3ETA3,3ErACKCCC.N:ALP4'4XS2
COMMON1 A-(1 ,8839CS98TN13)aTA"J2tl00),3ETAN2Cl0O)

:3MMON IC.JL, XIXBX, TANGf7,PYC, YRJ36SqXLaI3SBlGSSMALS.OSS

COMMON PSIZ.LPSARCC5I3),SA~tCO(513).LPMOE
:OM40 SET4AJC513).B:-T&M(513) .tJLPKX11(2j0) ,JJ(200),gXX

C3440 XR3J,)A244-o2339C2C:
:044C4 LAL4%B8BB3,:ZA3,30,CSJ8,T3AUSC1OC) ,3AJ3(l0O),NGAUS

1 93T(I'A) YXSC1DN)
XKI =XST(4)'SIN(3ELTA)

YY12 =YYI..2
- SZ 0 r) iINT

2 1 li CAVITY ): OFSl'5 --3 :(B) AID~ 14 :AWITY.
2 :A.LfD FROA r1INTL r3R FED)
! 3 1.2 :t =4).

SR~c.

344C a3i-XST(2)

9.-i3=p-XSTC3)

?14rmC xST( 3) -XST(3) 2 .5
314.1cX ST '(7) -l *.5

1t151I.N .3) GO 'TO 20

AP2=XCA-XSTC 2)
A 'S: SaRT(CA~1/AP2)

a:3tIljE
OD 7 ISUM=19NCHBY

RA:CAJ( ISJ4)*91.) C AJ(ISJ'I) .1.)

I- C ISI COE .-5) R3:C AJC ISu4) A52)1' CJ( ISU") .A53)
U(SC.-)RA= 14JIJ)A1*(A(SM+~
U CZZ.Zi-~ f3:CAJC1SJ4q).A62).%J( ISUI )+'&s

SA8:S!RT(RA/RS)
SACz8leSQRT(I.-AJ(ISJ'A)..2)fS&S
XSIPz3t4.AJCISUM)*5H
A ~A'= SI - xl
XPXZ2=XPX *.2
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RVZXDP2*YY12

Red 1yY1/RV2
IgtISIC.E3*1) RdR:1.l/1 SI*-XCA)

U1cStZ.E~i.3) ReR:C.-SAC/A3S)/C XSI 2 -XCA)
IF (ISIc.E3.-S) RhiR:I.

7 SMZSM*SA8*Rd:
PAI=3.1'.1592654

SR=SR*3AI'JChBY

R -TU R4
EN~D
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D1I4ESION xST(B)
:D !40 YC=tSBETA2

lVO I ~T4(2D0),XITI(20),41S 2S(2)0) ,SARC2(203)
COMMON CAVXC 100) ,CAVYC100) ,3ETA3,3ETAC.xCCCN:A,LFiNS2
:040 AJC100),ISriAi','Jc'I~a~3YSAIo) ,SBTAq2C100) ,3-TANd2(100)
COMM0O4 FLAPAN9OELTA, GA~ALAlGAMMA

COM404 33S-T&,*X19ICZ'I SARZ03)(5l3)
:O40 I OJL9 XA ,x5.x: qT A 4599-"P C9 Y~qJS IGSqXL3I~SS IGSv,SA ALS9OSS

: .1 XS4C 5)~ :..EERC9 YyY XMgIT ERAqSXSI 0( ) SXS IDOc (, YXS MS

COM404d BEA(1)B ,453g~LPqI( )XJJ(200),XOX
:D4D XPJiDA2A323C2C:
COPMON AAAA.3SBCCCC:,A8,S3,c~,DST AUSC1O)idGAIJSCl00),NGAUS

SJBROJTI,4J- clINTL CA-ULATrS T-it !NT7-GRALS IN r(l)

Ic FOILS 4AVE ROJX%0O7 L#.9 :4E YS--V-GAUSS
;JAz:RAJ)
QJAORATURE- cORdULA :AN NOT 3E USED. SINCE BETA
LS %3( A S433 t -J: l4
N:..3Y =NJ43ER Or C i-3S-~-GAJ3S )JAORATJRE :l'JTkO.. ?:INTS.
PAl = 3.1'41592554

DO 70 IG=198

10 TO 12

11 XSTI-4 z X(4
12 CONTINUE

34 IX5T11)4..)*.5
ON 2 (ST()'.)*.B

All: (ON2-xSt(2))/)4l

:5 (XSr Cl) XSTC 2) )*
CAB5=(xSTC2)-KSTC1))*.5
A31 = (BC5+1.)/CMB5
A32 =(-8:5+XST(3))1:435
rCA5 = (XST(3)-XSTC2))*.5

L:5 XST(3).XST(2),)*.5

A42= (-Clc5-XST(l))/r:A5
S24CF-2 = KST(3)-XSCC2))/-341
READ LP"M rOR THIE SCOI:NO AR.

I:1~T~.3?2) 0 T) 100
1IAZJ.GE*2) GO TO 100
:SOACE- = (l.+XST())/:1 Ar(-P()
2?SPA:r =: SPA:E/rLOATCLPM-LDK)

1 4= 1
KnK= -1.

SPA:E=CSPACEr
:3 20 IC43Y:1,N:tBY
NCH:NCHBY-ICHBV.1

X<SI=)NI.AJCirt3y))2
1(1T~&.~1)SO TO 488

?2 S3C(l.ES)0 TO 21
I'(IOM*GE.LP() SPACE = =SDA:E

X =-: XlIK*S'A:E
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LM=104+1
SO TO 22

'4(SI EXISTS 3TJ XSICIO4-1) ANJD KSICI34)
21 :ONTI14UE

131A =104-1
BAN( ICHBY) = ETA4(IOM).t3ETA,4CI04)8ETAN(IDMA))
9x(SI-XCl ̂ <)SPA:E

S SOTAN IS JS7O F)R C47EBYCICV-GAUSS 14STEAO OF SCTAN.
S2 TO 20

4.33 313TAS'dICri3f) =SB7ETA
-3ETANI FOR ITERA.E~ol IS SPECITIED I'N OFSIMle

20 cDNrIVJE
110 CONTINUE

I-- (K:TRL.E!.6) GO TO 6
IT (<:TPL.':s.15) 13 TO 5
irUcrCtL.7E..4) GO TO 4

I- (K:TRL.3-'.2) GO TO 2
IT (:SrAi2*.EG.1) SO TO 10
YINT z 0.
00 113 ISJI 1,N'C-3Y

30 TO 1000
10 :ONTI1dJE
TH4IS IS T1$E CASE OF HANDOLING RIJ0EO L. r-..

I F=0
X:A =0.
:ALL JFSIM1( YINTNO ,X:A)
X:A 13 OJIIY* ON~LY JSrZZ FOR Z(5) E1X4CE.
30 TO 1000

5 CDNTI3jr
ISIC=-5
X:A=C.
:AL- 1z2(SR9S4qXCAPI SIC)
YINT:SR
SO TO G03

4 ~ 6 ZNTI%4UE
ISI:s-6
XCA=O.
:46- 1:2CSR. S'~XCAX SIC)
11 iT:S.R
SO TO 1000

2 :34fI'JE
XCZ .

* :A IS )UI4Y.
I SIC=2
:AL-. I 2(SRS49XCAVI SI C)
yz~r~si
30 TO 1000

3 CONTI'4JE
:----INTCGRAL TOR 13.

4 AJ(4) IS ZALCJ-.ArE3 AND) STRED
YINT z .
001 123 ISJ4 = INCH3Y
'.31 z 1.-&J(1sU4)
A92 z(AJ(ISU4I)+A31)*( A32-AJCISJM))
SIA32 = S2RTtA82)
ABC ABIISQA82
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YIT z ITPAI=~
30 TO 1000

* --I~TE~A.FJI 14
SINCE BETAMN BTwN tOT AND ?Of ARE
EXPrCTEO TO BE kLiAlS SM3)T4, JSE GkJSS-
Cr4E3YSHEV UAORATURE c;R1ULA9
AJCN) IS A-RtE40Y CA...JLATEO.*
Ic1 TriIS IS THE FIISr CASE 0ri 9:-T&419
JSE A CONSTANT FOR 3ETAN29
33TA42 IS JSEJ "OR :;rEVY-GAJSS INSTC-AD OF OrETkN2.

4 CONTINMUE
1"(ITERA*3E.2) SO T) 150

ICI~.E.2)GO TO 191
Sz371A2 MJST 3r RrAO ZOi TIE rIlST RLUd.

0; 1E3 ICIBY = 2 c~
130 32TAi.2 (1:13Y) 2 SEETA2

NS2l=4S2*I
D00 165 I0C=1,NS21

135 3TkN2(IO0)=SBETA2
30 TO 131

150 O)NTId.Jr
1(IJ.E.2)GO TO 1.31

10MM 1
X 2I: XSTC2)

CID 170 IC-IBY = 19,NC.43Y
XKSI = CA5-AJ(ICm~f)eFC15

152 I"CXCICK.31.-X<SI) GO TO 151
X:.:., X::K* SPA:-2

134 14+

30 TO 152
151 C)NTIN'JE

IO'MA z14-
33TAN2ICIBY) = SET442(I0O'i)

dRZTE(6*2250) ILMBSTAN2CILM) ,*KSl
250 0R4ATC15X,.I=.,I3,2X,*SSTAN2=*914. 7,2X,*X<SI :..E14.7)
173 CONT11JE
131 OZNTIIdJE

TINT =Q
30 193 ISU4 19NONSY

A1=(5BTA42(1SJ4).'41).(l..AJ(ISJ4) 3
A32 = A.J( ISUM).A41) *(AJCISJMV*A42)
S;A32 S3RTCA82)

130 YINT :YI14T + A51IS2A32
YINT :YI4dT*PA/NCHi3f

1330 COITINiJE
lETJRN
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SUBROUTINE G2 ()S2oA329IS2)
DIMENSION XST(3)tX1216(230) ,XI221 C200)vXI23SC200)ixI24S(200 )
IC:mlc YC:CCSBETA2
2DM401 XIT'(20C) ,XIr'j200ANSG2S20,SARC2(200)

COMMiON A..J100),IS.AA ,NCHBYSBTAN(100).BSTAN2(100) ,BETAN2(100)
CDMM:4 rLA;ANoDi.TA, 23APA..-A1 ,&Aq4q
COMMqON SBETAoXXM, ICPISARCO2(513)

C)241'~' XS4(9)9. :.EERC~vft.o(m'4irriAgsXSIO(8) qSXS12O(8).YXS S)
: O1MON PS12,LPSARCI513) ,SAaCO(513), LPMOE

CZMAO4 XROUNo.A2AA,323BqC2C:
Z3!'I'S AAAA3iSCC::,A8,SBCB)8or7AJS( 100) ,GAJS(100)NGAUS

CMON/SPCfESPACE
:O4431/TAJi1/JTAJ

TtiIS SUS93~JTIE IS CALLED BY OFSIM5.
* TAIS SJ3A3JTI'r5 :4LZJ-.ATES -JVCTICDi 22(xS2) Uiil:

INCLU:ES 121(XS2) Tl 124(XS2). I4EiAS
XS2 IS XSI- AG2 IS T4-- S3LJtI2 D O= E~AS
223 1 13P:1.,S

1 X(r(IP) YKSCIQPI
PAI 3.I141592654
CCC=ALOG(..KSTC6))/(2.*PAI)

U2=OSALFAI.SAl4NA)(:S(XST(5)+'AlM)/SPACE-
J22U2**2
L221=l./U22
Tm0:sSS-CAV.E4/J2..L.-C-AV.'I)
tAJ0:AL)3( ria)
Tm 1=S.A T C1.-i. .JSTL 6)-U221) CAVLE-NI
TAU.d1:AL03(T~l)
Ir C(JTAU.E.*O) TAUlJ:TAUdO

P- (IJ.3E*#7) GO TO 100

rlE SA4E 1rE54AToi2 As riAT i
S.JOROUTINE CAVITY ) GC(XSI)
'JDF =3
CALL OFS!1 1CANS9NOFvXS2)
X121 =ANS
1U(IJoEQ.AO) X121SCIS2) -- 121

:--122 CXSI)---
JSZ TIE SA47 su3~2jurir 1:2 AS
JSEC IN CAVITY dITri ISIC:1.
1s1CZ1
CALL IC2(S~, S'l XS2,XSI C)
XI22= l
NOTE THIAT S4I IS OJM4Y VARIABLEe
IT(I.J.EQe40) X122SC1S2) zK122

:-- 123CS)--- e

USE CIEBYCHEV-GAUSS 2UAORATJqE FORMJLA
IN EXACTL.Y SIMILAi 'IANNErR 12 THAT IN
DF2S143 TOR 13*

X123 2 0.
BPC5 = (STC).)CST2I,..5
C485 = txTt2)-X$TC))*.5
A31 z (SP:5 + 1001C435
A32 z t-BPC5 + XST(3)/ICM85
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32 ISUM 1INCAB3Y

A1 AJ(ISUM) t ASI)*(A32.AJCISJM))
s4A2 =szircmA2
'313 =HAI/SHA2
93A13 =C105*AJ(ISU4')+3*C5-KS2

2 XI2~3 =X123+933IF3AI3
X123 = I2s'p&I'f4cr3y

JSE CirSYIEV-'GAUSS JJADRATJAE
FORMULA BY ASSUMING~ TKAT
THEC KCE'dL FZ:d. IS S1433T4,

IV= S2-XST(2)

=DC5 =CXST(3)+XST(2))..5
=' 1 XST(3)-XST(2))**5

442 = F2:5-XSTC13),'qC5
XI24 =0.

T2A =0 ISUIS194)tA3V

T*A2 zAJCISLJN)#A42
srp= saRr(TPA1.T>AZ)
''4T =(aBTA42(ISUM)43AI).C1.,AJCISU4))/STP
3B3TA%(2 IS :4E3Y-GAUSS VERSION cJR SrTA ON TIE SrCWN, AR:-

F4,=F'C5*AJ(ISU4)+r-'CS-XS2
ST2 zS2ATtI.-AJ(ISJl **2)

C48z C5 *ST2(3rCT2(IS2 .&~4

X1241 =X124-PAIINC43Y
9ETAN2 IS JSED 2ORt S1'MPSONS RULE.

KG=AL0atUXSTC3)-XS2)/(XS2-XST(2)) )
IS2 IS TRAJS~rRiCo riouGi 32-ARGUMECNT.
X1242 XLa*C8ETANd2(IS2).DAZI4
X124 X1241+X1242

5) TO 101
LOG xl21 zX121S(IS2)

X122 =XI22SCIS2)
x123 =XI23S(rS2)

131 X52A 2-XL211
3

E-KtZZ

-A/)4~/Ail)(~(D/AMGIFASC:ZAIC 3 2SX
XS2C zXS2B*X123
%52 -XI24/PAI
A32 z (XS2A.XS2C'*XS23)*M4

^."1-1----------------

A52: C3M1H-XST 1) )/ (-3P1M)
A53=(34jrf-XST3))/(.;?It4)
XS2ECge
DO 20 ISUM=1,NCIBY

ftA2 =(AJC 1SUPM)#AS2) 'AJ(ISUM)#453)
3NI2:=S2RTC4A1/HA2)
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MA3=-GPlH*AJCI SUM)+;3'1I4-XS2

3 32E=:S2C+FS

- -12S-------------

DlPFH:CXST(S)*XSTC3))*.

XS2F=O.
IZ3 3 0 ISjM=1,NCKBY
riAl =(lo.AJCISUM) )*(AJ(ISU4)+Afil)
M&A2 ZCAJ(ISJ4).A&2).C AJCISJ4)+A63)
S412=SGRT(4A1/HA2)
.4 A 3:1il; I ( I SU4) + P=--XS
=&S12/143

50 XS2:zXS2F.F6
X'S 2F =2&I 'XSZF/ N 4H V

I' (Ij.LG.27*ANO.IS2*r-0.1D) WRIrEC6, 52) X1219(1229XI239,1249IS2
I- (IJ.E .27*AN3.IS2.7G*50) isRITr(6t52) X1219XI229XI23,XI24,IS2

52 F)RIAT(10K9* --- 1112913914 Jz (5) RE --- .,&Cr14*792X)q2X9
A *1S2:.,I4)

ENO
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SUBROUJTINE CAVITY (XCCYCC)
TiIS SJBgt)JTZ~ir IS CA...) FIO'4 )xr4Er F)R 9(5).

D14ENSION CKEX(IOG),S<EY(lO0)o,4SII11O),SR12(100),SIC313I10C)
)IME~iSION SICAIAI D0),XST(s)
314rENS134 ZAVKXC100) ,:AVYY(10)
C314404 YCCt9SBETA2
COM40N XITM(200) Kirq(z0) ,A'iSG2SC22a) qSARC2(2OO)
COMMON CAVX( 100),CAVYC1O00),ETA3,BETACXCCCNCAVLPM'4,NS2
COM4ON AJ(100),ISlAi

2
,'4CHBY3rAN(1O0),B5TA42(130) ,BCTAN2(100)

;OM404 SBE-TAIcKMICPIeSARCO)(513)
C34404 IOJ.,XAKBX:.TANG9E', rCoY~,J3IGSXLBI S,9IGSSMALSQS3
COM40O4 XS4B) C.7E'CYYYtXMITE.RASXSIO(8) .SXSIOCS) YXSCB)
COM'q4ON SIZL~,SAi.C(513) ,SAiCOC513),.?kIOE
COMMON BETAN(513)98BETAM(513) ,IJL?K, XII(200),(JJ(200),XOX
C34434 XiRJlO.A2A&,323BC2CC
:3'MON4 AAAA.BBBBCCC,*AbBBCS.OBTSAJSt 100) ,4SAJS(100),N6AUS
COMMON/ SPCI ESPACE
COM'lOJ/ TAJ1/,jrAU

COMO404CVTYL/CAVLE-N. IBS2
X:CC IS T-4E CAVIITY EVO 2I'4T :A..CJLkTrEO 14 SUB* CAVITY.

COEL ZCOSCOELTA)
S)E- SINOE..TA)
PAl 3.141592654
DO 1 .OA=199

1 CSTC-3A) ZYSLA

S'.IZLG(T1. .ST ( )/2*71

SSG=SQRT(1.#-XST( 6))
4. 0 S A -9A 1 +1A 4 4A):S ( XS TC 5 3 A 4A)/ESPA C r
J22=22
J221zl./U22
tdO:SS33'CAV..EV/J2. (I.-CAVL.E'a
TAU40=ALO03(T'W0)
Td !S4T (1.- (1.-KS TC6) -J221) *CAV'74
TAUdl=ALOG(TWI)
1I' (JrAJ*.Ea.O) TAJwZTAUW0
j(JVAJoEA.1) TAJJ=Tkj.~1

NCAV=g0
V:V=CA V.1

CAVS = XST(2)-XSTC1))/NCAY
LEAVE THtE .AST 23INV OF X5I C S14NCE TAEftE I A

SI43ULARITY cOR SINGLE SPIRAL VORTEX MODEL.
DO 2 <... = 194CAV1
*:A = STC1) *CAVS- ((LA-l)

RZAL PART OF OMEGA =BETA. DAI.
IU (4.MoE2.1) GO TO 3
UC.KL4oE29NCAV1) 30 TO 10

--- lz1~i~Sl) zA-.CJLAT1349 :A.....IG O-SIM1.
1: (IJ.GE*34) GO TO 75
N JF 3
:A.. )'SI41I AiS.N0' (CA)
ANS IS A SOLUTION FOR ICI(XCI), XCI IS IDENTICAL TO XCA.
Ir (IJ.E3o27) ANSI1( 4) ANS
GO TO 76

i5 AlS = ANSI1((..m)
76 CONTINE
- - :2(XSI) :ALCULATI0o.

IIJ.E.3) 3 TO 77

ISIC I
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:AL . IZ2(Sl9S49XCAvI SIC)
3 4LY SR IS UTILIZ70-- SM IS I OR R4!'47.
I-- (IJ.EG*27) SR12(<..4) = S
13 TO T8

77 Sl SRI2U(LM)
T3 CDiTI'JE

:-1-C3 (XSI) CALCULATIONd- USE CAEBYSHE7V-GAUSS
2.JA0R4T.JR- F3MJh.A*
3PC5 =(XSTC1)+XST(2))*.5
C4B5 =tXST(2)-WS1C))*.5

A32 = -82C5+XST(3))/CMB5
7< C A-K ST(2)

EK2 C XCA.1.)e( XCAKXST( 1)) .CXCA-XST(3))
7-3 SGRrTC-I(/Ei(2)
-38 uI35.E(3

I- (IJ.GE.34) 60 TO 30
31,3 =0.
3Q tSJM =I*Ncrisy

Sri = SGRT(EJI)

3A = M35.AJ(ISUM)*39 C5-XEA
5SIC3 =SI:3.(EF3-1F33.SaRT(1.-AJ(ISJU..-2))/E?34
5113 =s1:3*PAI/4Cr13
SIC3 =SI13.ALOG((XST(2)-XCA)/CXCA-XSTC1)3 )*Eh(3
I-C(I.J*E3.2) SIC3I3C(1-4) = 31:3
GO TO 91

30 SIC3 =SI3'I3(KLM)

:--- IC4(XSI)----.
JSE CIEYS47V-GAUSS 2JADRAT.J17 3ML

IN THE SAME 4ANNErR AS THIAT FOR 14 IN
- 2SI'43*
:=(IJ.GE.34) 3O TO 32
r2C5 =(xST(3)*xSTCZI)*.5

C45 xSr(3)-XST(2))*.5

442 =(F2:5-xST~l))/24C5
SIC'. z 0.
23 7 ISJMz 1,'dCHBY
RA C33TA42CISUP )4 &I)*C1..AJ(ISUM) )

RC RA/SR3

7 SIC4 Z SIC'..RCIRD
SIC' SI:*Pkl/4Jr43Y

U(IJCf~27)SIC414((..A): SIC.
;a TO 33

32 SIC. I:I(K4
33 CDNTIdUE

V- CIJ*EG27.kO.L4.'2.21 iRITEC6955) ANSSqSIC3SIC.,ILM
* oIr CI.j.EG.27.AN3*KLl*EQ.40) .RITE(6*55) ANS*SR*SIC3.pSIt'.,KLM

VY 4R.I2.&2(.4E23)glTE(6955) A4SSA,51C3, SIC%,KLM

&.(LMZ*, I4)
-IICXSI) 21/-7<3 A-1EAOV :A.U-ATED.

U2zCOSt ALFAI.GAM4&)ICOSIxST t5).G&'MA) /ESPACE
- --5---------------
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SIC5=0.
00 30 ISJM:1,N0N3'

13 =(AJCISU4)*A52) &(AJ(IS.JM).A53)
SRA8=SlAT(AA/lB)

:5:sRA3 ,':

30 SIC5=SIC5+ 5
SIC5=PAI*SICS/NCHBY
1----------

AE1=(4PFHN-XST(2))/Mr4"M

SIC6:0.
20 40 ISUM:1,NCmOy

SRAB=SQRT(RA/RS)

FS=SRABIRC
40 s1Cb=$IC6+.l6

3: Z -ANS/ZAI-SR.(:::1 AL0StUJ2)/Pkl)-SIC3

3:GC.TAUd.C-SIC5+SI:6)/PAI/EK3
3) TO 25

3 G: = BTAB+DAI
;) TO 25

10 3C=BETAC.PAI
3 0:T~i AND BrTA:( 300Y A4d3LES AT 3 AND C) MUST 97- SPEICIEED IN CCMICN.
25 :Z0TIlJi

xxS = xCA*CDEL
Y T=XzA-XST(4)*SOD.'

YYT2 =YYT**2
XKXJ =XST(4)*CE..
X4J2 =XX.J*.2
XY9 YYT2.EE.J2

CGC =COSC&C)
SSC =SIN(3:)
Cr-C = lOX/KSCGM
Z E(EX-.M) :C3C*CFC
S EY (-(L4) :S3*CF:

2 CONTINUE
CAVXX( 1)=Oo
CAVYY 1) :0.
33 15 ICAV=3,NCAV192
:AVXX(1CAV) Z CAVXXtl:AV-2) ,"CAVS*( C EXd(CAV-2).4.-

1(<EX(IAV1)*C(E-X(I(V))/3.
15 :AVYY(ICAV) Z CAVYUZAV-2)
1.CAVSSKY(CAV-2).4.*SKEY(I1AV-1)*SKEY(ICAV))/3*
1 (IJ.E2.27) 30 TO 100
GO TO 101
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130 33 102 lCk~:1,N:AV192
:&VXfI:AV)::-AVXX(I:AV)

132 :AVY(ICAVI :zAVYYCICAV)
X:CC::AVXC I:AV1)
Y CCC:A VY(CAVI)

031 CONT14JE
XCC:CAVXX(NCAV1)
rCCAVYY('dZAVI)
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SJBRCJT1NE- RMI4T (SitSM9412)
IMEr.1lN (STtB)
.3M40%~ YCCSBETA2
:404 XITIt200) ,xirq(200),ANS32S(220),SARC2(200)

COMMON CAVX( 100) ,CAVY( 100) ,3ETA3,3ETACXCCCNCA~,LPMMNS2

:34404 rLAPANqO-LTkqO3APqAL:-A1,SA4MA
Z.3M434 S8r-TA*XXICPI ,SARCO1(5 13)

CO3Ii04 IOJ...XAK3, :,TANS,9E2,YCYi.JIGSXL33SBIGSSMA.S ,SS
COMMON XSNCS)9 CL.EERCYYXP4ITERASXSIO(8) ,SXSIOO(8),YXS (8)
COMMO3d PSlZL2,SARC(513) ,SAl:O(5l3),LPMDE
COMMON BETAN(513),BE-TAM(513) ,IJL'KXIIC200),KJJ(200),XOX
:344ON XR3J4D9A2AA ,32339C2C:
:Oq40V AAAAB333,::::,A3,83,C3,O3,r AJSC100) ,'GA'JS(100),9sGAUS
:04OSPVESPACE

IT (1:PI.f2*) 30 TO 10
Do 12 is 198

12 XST( 15) xSN( 15)
5D TO 11

10 DO 1 IS : 1,8
I XST(IS) YXS(IS)

XXI= XST(4)*SINCOELTA)
Y.l=XST(4),*osc:E.TA)

YY12 Yl**2
:35: =CXST(2-XST~l))..5

A31 z C0C5.1.)/C95
432 z (-8:5*XST(3))1:35

All = (M15-XST(2))/3215
A12 =(9M15-XST(.3))/3'l5

rMS (XST(3)-XST(2))*.5

3.IH=(XST(7)-l.)-.
SqF-I:XSTCB)-XST(3))*.5
H20-C4(XST(3)XST(3))*.5

A53=(3M1 H-KST(3))1/C'l,4)

AS3=(1?PM-KST1))/HV4T4
A41 = (FPC5.1.)/F4C5
A42 =(FFC5-XSTC1))fz4C5
IT 3M~~1 0 TO
I' (MIQ*EI.S) GO TO 5
lTCMI3.EG*4) 60 TO 4
IF (MIQ.E2.3) GO TO 3
IT (Mt@*E;.2) G) TO 2
AJII) ARE A6.READY CA-.ULATE) INI SJBIOJTINE

trINTL? AND STORED IN O0MON A1EAe
3i:0.
S4zo.
33 20 ISUM z 1,NC-4BY

Gx .-AJ(ISUM)
5Y1 z (AJ(ISUM)*A31)*Ch32-kJCISJM) 3
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SGy1 SQ~tKGy1)

:5 GX1ISGV1

;( C5*1J(1SJ4)4b35
XK2 FX1-XAX

FX22=:x2a*2

-X3 Z CX22*yfl2

SR. zf3.FcX1

20 14 S4q.C?3.FF32
SR z SR*PAI/NCS'r

S4=SM.PA IfNCB
5D TO 1000

5 :)NrI'iE
51=0.

X2 :CAj(1S5pq),A52) #(AJ(1SJ4)*A53)

"3:S31( -/ 1

XPX12=XPX1..2
3T2=.Kzx12.TY12

r=32=Yrii3)T2
SR:St+C3*ZT31

SM=SMAI'%Cm8Y
51 TO lo0o

6 CONTINUE

S'l:C.

07C ISJM=1,gCK3y

Gx2 =(&.JCISUM)*A62)*(A.JCISJM)+A&6!)

30T2:xPX12+YY12

rg32YY1/SOT2

70 S4:S+.3* r32
SR=SR.DAI/.I:H3Y

SZ TO 1000
2 O-NT I'JE

IF tISriARO*E~e1) GO TO 100
IS-iARA1 1 4IEA14S Ti4%r TIE 0)1.. IAS IOLPNOEO..

* S,3 TI&T TIE SIPMPSON1?S RULE- IS USE39
IS4AR'1 0 4EANS THAT Ti4E --IL HAS 344R-2 L.---
S1 TiHAT CIEBYStirV GkJ33 r~lij.A CAN 3E JSE:O As 3E-Od.

34 0
00 30 ISUM = INCHOY

ST12 &.(1SUR4)#i12
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x B =5TA'dIS~lJ')ST(ST11IST12)

J%12 =UN1**2
..L413 = JN12+YY12

F~l=Ul/UNO.3

50 SM =S'.FK1*FK12
Sl=SR*PAI/NrtBY

SM SM.PkI/NCHBY

130 C3NTINUE
T-1S IS Tir CASE THAT THtE c1.. -AS 1OLJNDED ...

X:A =0.

K:A IS DUMMY----ONLY USED OR --(5) IN 3XFNEW.

JSE C-tEEYSHE-V-GALJSS :JRMUA SI N:E 30:TA
14 THIS RZ-5134 is s13)rH.
53TAt*2 CISUM) ARE ALRE-AOY CALCULATE) AT TFINTLt.

31=0.
Si=0.

03 50 ISU4 =1,NC-4Y

PSM CA.~C ISUM)+A4I) .(AJ(ISJM)+A42)
S PSM =S2RT(3SM)

z4=PSL/S2PSM

PS42 = SN4.2
rT1=PS4/CPSN2*YY12)

::42 =YYII(PSN2*YY12)
SR =SR+F4F~F41

40 CONTINUE
SR 5*PI/4:CI3Y
SM=S4*PAI/NCHBY

O TO 1000
:04)ri~JE

z XCA IS OUM'lYq ONLY JSED 0OR 1:2 IN :(E)
ECA :0.
ISIC 0
SJ~iZJTINr IC2 IS A..S) JS7CO 11 r().

:ALL IC2CSiS1,KCAti SIC)
1030 RET.JRN
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ADAOSI 832 TETRA TECH INC PASADENA CA F/69/
COMPUTER PROGRAMS FOR CALCULATING PARTIALLY CAVITATING BLUNT 1R--ETC(U)
JAN G0 S MAEKAWA. 0 FURUYA N00014-79-C-0234

UNCLASSIFIED TETRATTC-3284-02 NI.mEEEEE3h
*MEIN



SUBROUTINE SHAPEtEqtBETA,15112)
COM4O1dFREAVlXlFRE7, YFREC I

COMMON YCCCS8ETA2
CVM404~ XIT!NC200),XITI4t200),A4iSG2S(230) ,SARC2(200)
C)'4404d CAVXC100),:AVY(100),BcTAS.IETAC*XCCCN:AVLPqMNS2
C3M40O4 AJ(100),1I4,19C4YBBT4430),SBTA4i2(100),BETAN2E100)

COMMON SBETA*XX491CP1,S&RCOD(313)
C3ttq0l IOJLXAX9,K~trA46dS,CCYiJ5I0SXL5I3S,5IGo5SMALSOSS
COMMON ESM(S), CLECRCYY.VKMTlERASXSIO(S),SXSIOO(S),TKS(U)

C3440q4 BETA44(513),Br-tAq(513),IJLP(,XII(200) ,XJJC200).XDK
CON404d XRDJ40,A2AA9323StC2C^
C94404~ AAAA963539CC:29A893BC3,38,T3AJS(100) ,iSAJS C100),'4GAUS
COM4044tSPC/ESPACE
PAI 23*141592653

X3=x**3 '
XSzSQRT (X)
X-i:E.ES
XKRC2:K2=FR2EC**2
XOREE3:XFREEC**3
*1r~vES:SOlTCxFREE:)
XF RE EN X FREEC X FRE ES
X2 2: 2' 2*
X 23: .2''3
X2SXS2RT(*2)
X2Hze2*X2S
X82moB**2

X8SSQRT(.8)

- WE 4UST CHECK TO SEE IF Jr ARE 33143 TO CALCUATr THE TOP PART
: 34 Ttr 33TTOM 3ARro IF TO; dE TIAMSOEI TO 240 AALr 30 R3JTIdE.

:Il2= 3 IS JSED FOR CALCULATIONS OF U2PER FOIL PROFILE

IFCIS2I2oE2.l) 33 TO 30
W~ (1S112*:2.3) GO TO 30

IT CX*LE..2) 6O TO 15
LZ (X.LE..3) 2O TO 20

LF (X*GT..8) SvO TO 25

15 Y:A2A&A.K-g238*X2+C2::*x3
Y3X:-A2AA03298.2**XC2CC*3**K2
3rTA:cATAN(VY3
3O TO 60

20 Y:AAAA.(4./3..X.5./3..XN-4..E2).6B93*X.CCCC*XS

YOX:AAAA*(4.13..B./3..l.5*XS-8..X)4lB6..5*CCCCIXS

si To 10
25 YIA3*33.X*Cg.X2+08*K3

Y3Xz9B.2.*.&.E.3,*03*K2
BETAzATAN(YOX)
Gi TO 60

T413 240 4ALF OF TIE R)JTINE IS :Oq :A-CuLATING TdrE JP2ER HALF
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50 It (!S112*EQ*5) GO TO 70
LV CXllE:.E..2) 33 TO 35
It (XREE:*LE**S8 G3 TO 50
I'.V (X!REC:*GT.a) G3 TO 55

TO CONTINUE
j: CX* E**2) SO T3 SS
IF (X*LEe*3) so to 50
It (X*GTo*B3 60 TO 55

55 IF (1S112eE2*3) 6O TO 90
R1:T7REEC-A2AAJ*XFq2rE:-52B8J.KPIEE2-C2CCU*X'Rl.E3
33 To Si

30 qla5e
31 C3NrIlJE

It CA*GT*92) G0 TO 40
YZA2AAUX*23LX242:J*X3+ql
Y OX:A2A AU.Z..9 28 BU*X .3.*CCZ :U.
32rTA=4TAN(Y3X)-ZAI
S3 TO 60

40 Y2sA2&AJ..2.S283U*X22.C2C 'J.X23#RI

It (ISLI29EG.3) R20.e
II-Xe3Tee3) GO TO 45
Y.:AAAAU.*(*/3..X.B./3..XH-I..X2) .9B39U*X.CCCCJ.*'S.R2
Y3X=AAAAU.(4./3.e8.3.15XS-.X)4539U45*::C/XS
3rT~AATAN(YOX)-PAI

45 v3:ASJ.B8J..B.C8U*X82.OBUK3,q2
R3:Y3-A8U-ISU. .8-CaJ*X82-OSJ*X63

46 Y:ASU.ISU.K.CSU*X2#03Ux3ft5
YOx:9gJ+20..8j~x*3e*OBj~x2
3rTk :-ATA'd(YOX)-PAI
33 to so

50 It (I51Z.Z2.3) &a r3 go
R2=YFREEC-AAAAU. (4 *1 3**XFREZC+8* /3** XFEH4XRE)E EUx E

I -cc^:J*XZR:rEs
03 TO 91

30 q2=0.
)I C3NTI4UE

It (XeSTe*3) 30 TO 45
V:AAAAJ.4iI./3..K.9./3o.X~44*K2)339U*XCCCCJ*KS*R2
YOX:AAAAU.I4./3*S/3..1.*S-..)8BBU+..5'CCCU/XS
3-rTA:ATAN( TOX) -'Al
G3 TO 60

55 IV (IS112*E393) G3 r) l00
R3:YFREEC&J-J.IECCBJ.EFAEr2-OSJ*XFq7E3
33 TO 102

120 1320*
101 CONTINUE

30 TO 46

.0 MRTJR4
L-;[0

of

187



SJ9q0UTINE XCYCIXC8,YC89CX9,Y)
:31OI/UPa'.k/A2AAU,323BUC2CCJ.AAAAJ ,amB9u*CC:CJABJ,88U*CgUsDSu

X'2cX4*

9433N(**3
XICS=SGRTX)
X<H'qX(.XKS

IF tCX.eLEe*2) 63 T0 3
IF CCX*L~E99) 63 TO 4
IF tCK.GT..5) So TO 5

3 F1ZA2AAU.492&9JOE2C2CJ*43
F2zA2AAU2..S2BIU.XE.3..C2CCU*XK2
'3zXK-CX
h9gC:F1.(P3/r2-CY)

O2c13.(2..m253j**C2::JK) 101..2
3X21*02

.I V:FxK/0X<

Xz:AISOIVI(

1r(tZ.LE..ObCOO1)Oi.C.IPe.C3.2D)) SO TO 6

4 FI1AAAAU*(4./3.'XKE ./3..XKE4.XK2) .BUDSU*XK.CCCCUXCS
3 2SAAAAU*(4./3o.6./3..2..5.g(S-S.K) *DBBU*CC:CJ*.5IXKS

K(:1202 '2CT

31 V:FEE /O'xx

Z=AIS(DIVIXK)
l:((Z...E..OOO01OOl)0*(In.CA.20), 33 TO 6
;D To 4

5 C12ASJ#!BJ.EI(.C8U*X<2*OSU.E(3
72%38J#2.&:9U*.K3.235JEI2
W32KK-CX

0'E2u1.02 (2..CSU*6.'OSU*X() ) 01 **2

E( 2XK * 0

ZzABS(OIV/M(
l'CtZ.LC..6OUOO1).o~q.CPeE2.2S)) 30 TO 6

IF (CE.LC..2) VCSUA244U.XK.S293U.EEE.C2CCU*XK3
1FtCX*LC..I) YCB3AAAAJO4.13.*XK*Sl3.eXKu-4*..(2)D3IIUXK
X *CCCCU*XKS
IV CKGT..S) YSSB4J#§8U*E('CSJ*XA2*OSU*XK3
RETUftI
CID

Vle



SJBROUTIKC ARCS2CS2v4CvYC)

EXOD IS THE ENDPOINT OF THE UPDER =OIL OFFSET
:XO:KD
XHIG20
X.-QOi=0.
4XNCRr:(cEo-Kc) 150
V (XINCRTsLE*G.) KI4CfRTx-XNCRT
13112a1
£220.

X-DiZENIG4
X4IS:KLO4.EXIVCRT

24 S22S2-S
lrTJA'4
END
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SUBROUTINE ARCLENt XSS*XL*XH,13S112)
C34404 YCCCoSSET42
C01414ON XXT'9C2OO),EZTNd(2OO),AN~S2S(200),SARC2(200)
:34404~ CAVX(1aoCAVT(1Oa),iCTA39,ITCcXCcN:A~,LP44,NS2
CO4 AJ10*SA2NAYSTN10%8A210*E4210
C2MMO4d FLA2AN0ZLTA933APvAi."AI,3A4MA

5aCTAqclpIqsARCO)(513)
COMIMON IOULXAXBXC.TAN&EPYCYRJBIGSXLIISSUIGSSMALSDSS
C3404i KS4i(B)9 :-.rCR:vYYYEM,TERASXSO(8,SXSIOOS),YXSCB)
COMMON PStZLPSLRC(513),SAIC3(5I3),LPMOC

C34401 XR3JIDIA24493389C2c:
COMMOI AAAA,885CC::,AB8,CaO8,r3AuS(1oO),dsAUS(loo),Nc4uS

UN:tGAUS
33 5 J:Z19d
Tt J)zTSAUS(J)

5 iCJ)ZASAUSCJ)
1 sj~:oo

00 2 J=19~4
CAL- rC2(T(J)9F(J)#X-vXXM1S112)

2 SUMSJ4WUJ)*F(J)

RrTUR4
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SJODOJTP4E 'C2(T9F.(..,XMZSZZZ,
COMMO/UP'C/A2AAU328UC2UAAAAJD9UBUCCC.CUABUB8UCeU.O6U
COMMOI YCCCeSSETA2
COMMON4 XZTh(20o),ZTI4(2gO),ANS92S(2aa),SARC2(20U)
:34434 CAVX(100),:Ai1(1OO),5CTA3,3ETACXCCC.NALPq4qNS2

COM14ON FLAPAN9OELTA*DGAP9ALPAI,;AHMA
~3l4O~iSS-TAvXK49ICPZ.SAftCQ3(5I3)

COMMN ZIUL*XAEB*X:,TAt4GE*,YC*YRJ6IGSKLBZ~SB1GSSNALS*oSS
COMMNON XSN(B8, CL4CERC.YTyK'm.rERASXSIO(S),SXSZOO(S),YXS(8)
(13M'404 PSIZZLPSARC(513),SARCO(513),LPMDE
:DM4041 *CTA4513),87-TAN(513),ZJLPKc@XII(20O),EJJ(200),XOX
COM404~ Xa3J4iOA2AA,329S*C2::
COM14ON AAAA*e658,CC:CA$8,8CaO8TSAus(1O),aaus(1ao),NGAUS

XPS(XtN-XL) 'teeS. XM+XL) '.S
SXP:S2RTtK*)
X?2=XP**2
IZ:(KP*!E.3) 6O T3~ 1

ZFCXP.L.E..2) GO TO 3
PI:C(49/3o+4*.SXP-..K 2 ) AAAA
P2=96es
P3=.5*CCCC/SxP
V (£1S1129.Qe1) PZ:( 4./3*649*SXP-4e*XP)*AAAAU
12 (IS112s7rG.1) P2=333&U
191SZ.~1 3 3=*5*:CCUfSX2
SO TO 2

3 *Ix:*5.S2T(2o*XRU43)/SXm42&A
02:U2BB.SXP,1.5
?3=2.*C2CC*XP

Ir (IS212o.-2ol) P2=3239U*SXP*1.5
V: (13lZ29E3.1) 2332.*Z2CCJ&K2
30 TO 2

4 :3Nr14JE
P1zA2AA
?2=2.*3293*XP
P33:3*.2C:*XP2
It CIS1Z2*rael) P1:A2AAU

Zr CSII2*ZZ.1) 2213233J*X3
It (ZSII2oEQ.1) P3=3**C2CCU*X*2
33 TO 2
1P188
P2 22e* CB*'KP
p3:3..Ds.K3 2

It (1S2E21) 2:?.CSJ*X3
IF £IS1Z2.CGI.1 P323.*OSU*XP2

2 04:p1.P2*23

5z5S2ftT(m5)

I H zC1-L)*SPS*,5..
IETJR4
END
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SUBROUTINE *S3ETA(XX9RUCT&*ISI12)
T ILs 31VES SCTACXCmSL)).

CON404 VCS9CTA2
COMM~ON XIT4(200),E1Pd4(200),A&4SG2S(200).SARC2(200)
C~~4O'i CAiE(1gG),:Advc105),3ErA3.3ETCrXC.CCcN:AdLP44,NS2
CO~MM04 AJ10*SA~NHY9TN1098A2109EA~lO
CON404i FWN0LA309L49A

C34401 SBETA9XX49ICPI9SARCO3(513)
:31140 1 J..,XAvXuoX:9 TA 469E29YCovqJmIGSqXLuzI3SSBI GSSMALS9OSS
ComMOl4 ESits)o :-.rC4,f~f,(MIrCRA93SsLO(B3,sXSZLo43),YXSC)
COPI1O0 PSIZZLPSARC(513),SARCO(513).LPNOE
: 344 0 gCTaiIS13),B--T&q(513),IJLi(,X1Z(2003 ,gJJ(200hKXOX
COM404 XROIt4OA2AA ,323B9CCC
C34404~ AA&Ao@m8eBCCC:.AsSa8Cg.DeT3AJS(1a0),daAJSc100),46AUS
ER125*E-3

Z:CZ51Z2.rE.1) 53 T) 20
I5112:0 FOR Si.

LPMAASLPM-1
S4A63:S ARC 9 .P)
IVCLP*EQohP4) GO TO 13
34jS: SAMC (..P)-SA MC(CLP * )

GO TO 21
20 S4A-SSSARC2(LP)

IT(LPeCgs!)SO TO 110
N PAXKM
2SSzSARC2(LP) -SARC2.,.P-1)

21 C3NTllUE

4 X18ZXAA..00

:ALL. VARCCC&RoXLPAXII,1Sl12)
IF(FAR*LT*0.) 63 TO 3
XIAZX13
33 TO 4

3 :ALL qoSE:CX1AoXI9s r'l1cR2,EKJIIoX.PA,1S112)
i3 TO 11

*10 XX20.

$3 TO 11
11a Xw2%CCC
11 :A6. S4#APE(XX9Y*R3ET4,is1i2)

MCTJRi
['40
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SJBRDJTINEC AfC(FAR*KLPA9Xl3,1S112)
COt4MO YCCC9SBETA2
:Cq4404 XIT4(2Do)Exir4(2OO),A4dsB2S(20O),SA~tC2(203)
CO40 CAqKIDcO),CA(1o),3cA53ErAcKcccN:AdLP4qNS2
COUMO404 AJ(100)91$fAA2,NCNIV99TAN(1DO) ,BDTAN2d2lO),BETAN2(1OO)

COMMON S8ETA*XXMICP19SARCOO(513)
:3hI401 IOULeXAqXBoX:,TAI~rEvCqY~,J!IGStXLBX3SDX6SSmA.S9oss
G0440O4 XS'd(S), :-..rocR:,yy'txqTRAsxsIo(8),SXSIoo(s),YXSCa)
C34404 PSIZLPSAtCtp53),SAqC)(513),LPI0-o-
COM404 mcrAN(513),sl-Trf(5133,IJL 3(KrIt(20o) ,JJ(2OO),XKK
CORNMO XROJ4DvA2A.32U8,C2CC
'4404 AAAA9u3aB9CCZ:,AS98,3eBc3,8,AJS(1oo),dGAUStCOo),NGAUS
IFCXLPA*EQ*X1S) GO TO I
:ALL 4RCL--4CXSS*XLP&*KIBISII2)
33 TO 2

2 C3!tTIVJE
cAA:OSS-XSS

ENO

we
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K2z3

Iv(J*3Ee800) 63 TO 3
CALL FARCIPFX1*XLPA*XlXS1I2)
CAL-~ F&RC(,VK2qKLAqE2,IsLIZ)
XS:XI*( X2-Xl)*PFXIIC wX1-PFX2)
:ALL Ct4RC(PFX5,MLPA,2C3,ISI2)

I X2=X3

10 V:Ex3---1i

30 T0 12

12 CALL -ARC(PvYXLPU.,Y,1S112)
1Z:PFV) 5,2*2

3 X1:X3
X2=X2

20 Z=XS*ERI
so ro 22

21 Z:x3-ER1
22 CALL FARC(*FZ*XLAZLS112)

1 g IPFZ) 2,2,5
5 S3 to 4
2 X2= A3S(PW(3)

6 XZX3
GO TO 7

3 41ITE(699) J
9 -'RA~X2~93

ST OP
7 IETJt'

END

VI
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FUNCTION AITKEN(XXYYX94)

1 AITKE4Y(1)
;t-TJt*4

2 1; CNeST9201 NZ20

DO 3 hC:191
3 ZZ(KO:YY(.)

23 12194
ci 4 zq

4 ZZ(J.1):=ZZ(Z),CX-KN(L) ).CZZ(Je1)-ZZt I) )I(xx(J.)-KX(I))
AITKEN:ZZ( N*I)

E40
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SJ3a3UT1 r OrTER4 (4,9N90)
OLDT.ER4 REVISED 02-28-73

~lAL 4
31MENSIONd £(50950)tSAVEA(50,50)
IF tl *E29 1)GO TO 45

. =

30 9 J 1,M1
DO 9 1 19NM

9 SAVEA(IJ) = A(IqJ)

S0 TO 13
12 < = < 1
13 1 K

30 TO 17
16 1 1 + 1
17 IF (ABS(SAVEACIK)) .37. A3S(SAVEACLtK))) z

IF (I 9-4-r N4)33 TO Is
IF (L .EOe K)GO TO 23

S0 TO 23
22 J =J # 1
23 SAVE<J = SAVEACKJ)

SAVEA(KqJ) = SAVEA(.s.J)
SAqEA(LtJ) = SAVr-<J
IF (~J oNr. NN)S0 TO 22

281 K#1
30 TO31

30 1 1 +1
31 :OIT1'JUE

IF (SAVEA(<,) .-2* 0.) 33 T3 48 02 -20-73
M SAVEA(Iqi() / SAVrEA(KI()

SAVEACIv() Z 2

;o TO 36

36 SAVEA(IJ) = SAVrEA(%vJ) - 4 SAVE4CKvJ3
IF (J .NE._ '1)50 TO 35
IF (I oNE. NN)G0 TO 30
IF (< *o.C4-)3 TO 12

DO 43 1 z 194dd

3 SAVE&(I9J)
IF (&BSCO) *-To 19---36) SO TO 48

43 CONTINUE

RETURN
463 2 A(191)

RETUR4
43 3 z 0.

dRITE- (6951)
51 v0Rt T(/f5X,?ERROR. 4ESSAGE FRO'A OETERM. I

1 5XeIATRIX IS SINGJLAR* OETERMINANT SET Dot M/
qETUR4
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Figure 1 -Open Wake Model for PCASE and PCASLE
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